METHOD AND SYSTEM FOR BATTERY PROTECTION 

RELATED APPLICATIONS 

The present patent application claims the benefit of prior filed co-pending U.S. 
provisional patent application Serial No. 60/428,358, filed on November 22, 2002; Serial 
No. 60/428,450, filed on November 22, 2002; Serial No. 60/428,452, filed on November 
22, 2002; Serial No. 60/400,692, filed January 17, 2003; Serial No. 60/440,693, filed on 
January 17, 2003, prior filed co-pending U.S. provisional patent application entitled 
"METHOD AND SYSTEM FOR BATTERY PROTECTION" filed on November 19, 
2003 (Atty. Docket No. 066042-9536-00); and prior filed co-pending U.S. provisional 
patent application entitled "METHOD AND SYSTEM FOR BATTERY CHARGING" 
filed on November 19, 2003 (Atty. Docket No. 066042-9538-00), the entire contents of 
which are hereby incorporated by reference. The entire content of U.S. patent application 
entitled "METHOD AND SYSTEM FOR BATTERY CHARGING" filed on November 
20, 2003 (Atty. Docket No. 066042-9538-01) is also hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention generally relates to a method and system for battery 
protection and, more particularly, to a method and system for power tool battery 
5 protection. 

BACKGROUND OF THE INVENTION 

Cordless power tools are typically powered by portable battery packs. These 
battery packs range in battery chemistry and nominal voltage and can be used to power 
numerous tools and electrical devices. Typically, the battery chemistry of a power tool 
10 battery is either Nickel-cadmium ("NiCd"), Nickel-Metal Hydride ("NiMH") or lead-acid. 
Such chemistries are known to be robust and durable. 

SUMMARY OF THE INVENTION 

Some battery chemistries (such as, for example, Lithium ("Li"), Lithium-ion ("Li- 
ion") and other Li-based chemistries) require precise charging schemes and charging 
15 operations with controlled discharge. Insufficient charging schemes and uncontrolled 
discharging schemes may produce excessive heat build-up, excessive overcharged 
conditions and/or excessive overdischarged conditions. These conditions and build-ups 
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can cause irreversible damage to the batteries and can severely impact the battery's 
capacity. Various factors, such as, for example, excessive heat, can cause one or more 
cells within the battery pack to become imbalanced, that is, to have a present state of 
charge that is substantially lower than the remaining cells in the pack. Imbalanced cells 
5 can severely impact the performance of the battery pack (e.g., run-time and/or voltage 
output) and can shorten the life of the battery pack. 

The present invention provides a system and method for battery protection. In one 
construction and in some aspects, the invention provides a system and method for 
monitoring the temperature of a battery. In another construction and in some aspects, the 

10 invention provides a system and method for transferring heat within a battery pack. In 

another construction and in some aspects, the invention provides a system and method for 
transferring heat within a battery pack via a phase change material. In a further 
construction and in some aspects, the invention provides a system and method for 
monitoring cell imbalance. In yet another construction and in some aspects, the invention 

15 provides a system and method for controlling the operation of an electrical device based 
on a battery's temperature and/or cell imbalance. In another construction and in some 
aspects, the invention provides a system and method for determining the present state of 
charge of the battery and indicating or displaying a battery's present state of charge. In yet 
another construction and in some aspects, the invention provides a system and method for 

20 interrupting discharge current based on battery temperature. 

Independent features and independent advantages of the invention will become 
apparent to those skilled in the art upon review of the detailed description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of a battery. 
25 Fig. 2 is a perspective view of another battery. 

Fig. 3 is a perspective view of a further battery. 

Fig. 4 is a perspective view of a battery, such as the battery shown in Fig. 3, in use 
with a first electrical device, such as a power tool. 

Fig. 5 is a perspective view of a battery, such as the battery shown in Fig. 3, in use 
30 . with a second electrical device, such as a power tool. 

Fig. 6A is a schematic view of a battery, such as one of the batteries shown in Figs. 

1-3. 


-3- 

Fig. 6B is another schematic view of a battery, such as one of the batteries shown 
in Figs. 1-3. 

Fig. 6C is a further schematic view of a battery, such as one of the batteries shown 
in Figs. 1-3. 

5 Fig. 6D is yet another schematic view of a battery, such as one of the batteries 

shown in Figs. 1-3. 

Fig. 7 is still another schematic view of a battery, such as one of the batteries 
shown in Figs. 1-3. 

Fig. 8 is still another schematic view of a battery, such as one of the batteries 
10 shown in Figs. 1-3. 

Fig. 9 is still another schematic view of a battery, such as one of the batteries 
shown in Figs. 1-3. 

Fig. 10 is still another schematic view of a battery, such as one of the batteries 
shown in Figs. 1-3. 

1 5 Fig. 1 1 A is still another schematic view of a battery, such as one of the batteries 

shown in Figs. 1-3. 

Fig. 1 IB is still another schematic view of a battery, such as one of the batteries 
shown in Figs. 1-3. 

Fig. 1 1C is still another schematic view of a battery, such as one of the batteries 
20 shown in Figs. 1-3. 

Fig. 1 ID is still another schematic view of a battery, such as one of the batteries 
shown in Figs. 1-3. 

Fig. 1 IE is still another schematic view of a battery, such as one of the batteries 
shown in Figs. 1-3. 

25 Fig. 1 IF is still another schematic view of a battery, such as one of the batteries 

shown in Figs. 1-3. 

Fig. 12A-C are still other schematic views of a battery, such as one of the batteries 
shown in Figs. 1-3. 

Fig. 13A is a perspective view of a portion of a battery, such as one of the batteries 
30 shown in Figs. 1-3, with portions removed and illustrates the FET and the heat sink. 

Fig. 13B is a plan view of the portion of the battery shown in Fig. 13 A. 

Fig. 13C is a perspective view of a portion of a battery, such as one of the batteries 
shown in Figs. 1-3, with portions removed and illustrates the FET, the heat sink and 
electrical connections within the battery. 


Figs. 14A-E includes views of portions of the battery shown in Fig. 13 A. 

Fig. 15 is a perspective view of a portion of a battery, such as one of the batteries 
shown in Figs. 1-3, with portions removed and illustrates the FET and the heat sink 

Fig. 16 is another perspective view of a portion of a battery, such as one of the 
batteries shown in Figs. 1-3, with portions removed and illustrates the FET and the heat 
sink. 

Fig. 17 is a perspective cross-sectional view of a portion of an alternate 
construction of a battery, including a phase change material. 

Fig. 18 is a cross-sectional view of a portion of another alternate construction of a 
battery including a phase change material and a heat sink. 

Fig. 19 is a cross-sectional view of a portion of yet another alternate construction 
of a battery, including a phase change material and a heat sink. 

Figs. 20A-B are perspective cross-sectional views of a portion of a battery, such as 
one of the batteries shown in Figs. 1-3, with portions removed. 

Figs. 21 A-C are a schematic views of a battery, such as one of the batteries shown 
in Figs. 1-3, in use with an electrical device, such as a power tool. 

Fig. 22 is another schematic view of a battery, such as one of the batteries shown in 
Figs. 1-3, in use with an electrical device, such as a power tool. 

Fig. 23 is yet another schematic diagram of a battery, such as one of the batteries 
shown in Figs. 1-3, in use with an electrical device, such as a power tool. 

Fig. 24 is a side view of a battery, such as one of the batteries shown in Figs. 1-3, 
in use with another electrical device, such as a battery charger. 

Fig. 25 is a partial schematic view of a battery, such as one of the batteries shown 
in Figs. 1-3. 

Figs. 26-27 are graphs illustrating cell voltage and a ratio of cell voltages over 

time. 

Fig. 28 is a schematic diagram of an construction of a battery charging system. 
Fig. 29 is a schematic diagram of another construction of the battery charging 

system. 

Figs. 30A-B illustrate the operation of the battery charging system as shown in Fig. 

29. 

Fig. 3 1 is a schematic diagram of a prior art battery. 

Fig. 32 is a schematic diagram of a battery included in a further construction of the 
battery charging system. 


Fig. 33 is a schematic diagram of a prior art battery charger. 

Fig. 34 is a schematic diagram of a battery charger included in the further 

Fig. 35 is a perspective view of a battery. 

Fig. 36 is a top view of the battery shown in Fig. 35. 

Fig. 37 is a rear view of the battery shown in Fig. 35. 

Fig. 38 is a rear perspective view of the terminal assembly of the battery shown in 

Fig. 35. 

Fig. 39 is a front perspective view of the terminal assembly of the battery shown in 

Fig. 35. 

Fig. 40 is a side view of the battery shown in Fig. 35 and an electrical component, 
such as a battery charger. 

Fig. 41 is a schematic diagram of the battery and the battery charger shown in Fig. 

40. 

Fig. 42 is a perspective view of the battery charger shown in Fig. 40. 

Fig. 43 is another perspective view of the battery charger shown in Fig. 40. 

Fig. 44 is a top view of the battery charger shown in Fig. 40. 

Fig. 45 is a perspective view of the terminal assembly of the battery charger shown 
in Fig. 40. 

Fig. 46 is a perspective view of the inner portion of the housing of the battery 
charger shown in Fig. 40. 

Fig. 47 is an enlarged perspective view of a portion of the battery charger shown in 
Fig. 46 and illustrating the terminal assembly of the battery charger. 

Fig. 48A is a perspective view of an electrical device, such as a power tool, for use 
with the battery shown in Fig. 35. 

Fig. 48B is a perspective view of the support portion of the power tool shown in 
Fig. 48A. 

Fig. 49 is a right side view of the battery shown in Fig. 35. 

Fig. 50 is a left side view of the battery shown in Fig. 35. 

Fig. 51 is a front view of the battery shown in Fig. 35. 

Fig. 52 is a bottom view of the battery shown in Fig. 35. 

Fig. 53 is a front perspective view of an alternate construction of a battery. 

Fig. 54 is a rear perspective view of the battery shown in Fig. 53. 

Fig. 55 is a top view of the battery shown in Fig. 53. 

Fig. 56 is a rear view of the battery shown in Fig. 53. 


Fig. 57 is a front perspective view of a prior art battery. 

Fig. 58 is a rear perspective view of the battery shown in Fig. 57. 

Fig. 59 is a top view of the battery shown in Fig. 57. 

Fig. 60 is a rear view of the battery shown in Fig. 57. 
5 Fig. 61 is a schematic diagram of the prior art battery shown in Fig. 57 and the 

battery charger shown in Fig. 40. 

Fig. 62 is a perspective view of a prior art battery charger. 

Fig. 63 is a side view of the battery charger shown in Fig. 62. 

Fig. 64 is another view of the battery charger shown in Fig. 62. 
10 Fig. 65 is a schematic diagram of the prior art battery shown in Fig. 57 and the 

prior art battery charger shown in Fig. 62. 

Before any embodiments of the invention are explained in detail, it is to be 
understood that the invention is not limited in its application to the details of construction 
and the arrangement of components set forth in the following description or illustrated in 
15 the following drawings. The invention is capable of other constructions and of being 
practiced or of being carried out in various ways. Also, it is to be understood that the 
phraseology and terminology used herein is for the purpose of description and should not 
be regarded as limiting. The use of "including," "comprising," or "having" and variations 
thereof herein is meant to encompass the items listed thereafter and equivalents thereof as 
20 well as additional items. The terms "mounted," "connected," and "coupled" are used 
broadly and encompass both direct and indirect mounting, connecting and coupling. 
Further, "connected" and "coupled" are not restricted to physical or mechanical 
connections or couplings and can include electrical connections and couplings, whether 
direct or indirect. 
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DETAILED DESCRIPTION 


A battery pack or battery 50 is illustrated in Figs. 1-3. The battery 50 can be 
configured for transferring power to and receiving power from one or more electrical 
devices, such as, for example, a power tool 55 (shown in Figs. 4-5), a battery charger 60 
(shown in Fig. 24) and the like. As shown in the constructions illustrated in Figs. 4 and 5, 
30 the battery 50 can transfer power to various power tools, such as a circular saw 56 and a 
driver drill 58, for example. In some constructions and in some aspects, the battery 50 can 
supply a high discharge current to electrical devices, such as, for example, a power tool 55, 
having high-current discharge rates. For example, the battery 50 can power a wide range 
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of power tools 55 including a circular saw 56, a driver drill 58, and the like, as shown in 
Figs. 4 and 5. 

In some constructions and in some aspects, the battery 50 can have any battery 
chemistry such as, for example, lead-acid, Nickel-cadmium ("NiCd"), Nickel-Metal 
5 Hydride ("NiMH"), Lithium ("Li"), Lithium-ion ("Li-ion"), another Lithium-based 

chemistry or another rechargeable or non-rechargeable battery chemistry. In the illustrated 
constructions, the battery 50 can have a battery chemistry of Li, Li-ion or another Li-based 
chemistry and can supply an average discharge current that is equal to or greater than 
approximately 20 A. For example, in the illustrated construction, the battery 50 can have a 
1 0 chemistry of Lithium Cobalt ("Li-Co"), Lithium Manganese ("Li-Mn") Spinel, or Li-Mn 
Nickel. 

In some constructions and in some aspects, the battery 50 can also have any 
nominal voltage. In some constructions, for example, the battery 50 can have a nominal 
voltage of approximately 9.6 V. In other constructions, for example, the battery 50 can 

15 have a nominal voltage up to approximately 50 V. In the some constructions, for example, 
the battery 50 can have a nominal voltage of approximately 21 V. In other constructions, 
for example, the battery 50 can have a nominal voltage of approximately 28 V. 

The battery 50 also includes a housing 65 which can provide terminal supports 70. 
The battery 50 can further include one or more battery terminals (not shown in Figs. 1-5) 

20 supported by the terminal supports 70 and connectable to an electrical device, such as the 
power tool 55, the battery charger 60, and the like. 

In some constructions and in some aspects, the housing 65 can substantially 
enclose a supporting circuit electrically connected to one or more battery terminals. In 
some constructions, the circuit may include a microcontroller or microprocessor. In some 

25 constructions, the circuit can communicate with the electrical devices, such as a power tool 
55 (e.g., a circular saw 56, a driver drill 58, and the like), a battery charger 60, and the like, 
and can provide information to the devices regarding one or more battery characteristics or 
conditions, such as, for example, the nominal voltage of the battery 50, the temperature of 
the battery 50, the chemistry of the battery 50 and similar characteristics, as discussed 

30 below. 

The battery 50 is schematically illustrated in Figs. 6A-D, 7-10, 1 1 A-D and 12A-C 
and portions of the battery 50 are shown in Figs. 13-16 and 20A-B. As illustrated, the 
battery 50 can include one or more battery cells 80 each having a chemistry and a nominal 
voltage. Also, each battery cell 80 can include a positive end 90 and a negative end 95. In 
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some constructions such as, for example, the constructions illustrated in Figs. 6A and C, 
the battery 50 can have a battery chemistry of Li-ion, a nominal voltage of approximately 
18 V or approximately 21 V (depending on the type of battery cell, for example), and can 
include five battery cells 80a, 80b, 80c, 80d and 80e. In other constructions, such as for 
5 example the constructions illustrated in Figs. 6B and D, the battery 50 can have a battery 
chemistry of Li-ion, a nominal voltage of approximately 24 V, approximately 25 V or 
approximately 28 V (depending on the type of battery cell, for example) and can include 
seven battery cells 80a, 80b, 80c, 80d, 80e, 80f and 80g. In further constructions, the 
battery 50 can have more or fewer battery cells 80 than shown and described. In an 

10 exemplary construction, each battery cell 80 has a chemistry of Li-ion, and each battery 
cell 80 has substantially the same nominal voltage, such as, for example, approximately 
3.6 V, approximately 4 V or approximately 4.2 V. 

In some constructions, two or more battery cells 80 can be arranged in series with 
the positive end 90 of one battery cell 80 electrically connected to the negative end 95 of 

15 another battery cell 80, as shown in Figs. 6A and C. The battery cells 80 can be 

electrically connected by a conductive link or strap 100. In other constructions, the battery 
cells 80 can be arranged in another manner such as, for example, in parallel with the 
positive ends 90 of the battery cells 80a-e electrically connected to each other and the 
negative ends 95 of the battery cells 80a-e electrically connected to each other or in a 

20 combination of series and parallel. As shown in Figs. 6B and D, the battery cells 80 can 
be individually coupled to a circuit 130. In some constructions, the circuit 130 can 
configure the battery cells 80 into various arrangements such as, for example, in a parallel 
arrangement, a serial arrangement (such as the series of battery cells 80 illustrated in Figs. 
6A and C), an individual arrangement (e.g., drawing current from or supplying current to a 

25 single battery cell 80), a partial parallel arrangement (e.g., arranging a few of the battery 
cells 80 into a serial arrangement), a partial serial arrangement (e.g., arranging a few of the 
battery cells into a parallel arrangement), or a combination of the serial, partial serial, 
parallel, and partial parallel arrangements. In some constructions, a circuit 130 included in 
the battery 50 can establish the arrangements permanently via software (e.g., a program 

30 executed by a processor, such as microprocessor 140 discussed below) or hardware. In 

some constructions, the circuit 130 can modify the arrangements via software or hardware 
(e.g., one or more switches, logic components, and the like) 

The battery 50 can also include a terminal block 105 which may include the one or 
more battery terminals supported by the terminal supports 70 (shown in Fig. 1). In the 
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illustrated construction, the terminal block 105 can include a positive terminal 1 10, a 
negative terminal 115, and a sense terminal 120. The positive terminal 110 can be 
electrically connected to the positive end 90 of a first battery cell 80a, and the negative 
terminal 115 can be electrically connected to the negative end 95 of a second battery cell 
5 80e (or battery cell 80g). In the illustrated constructions, the first battery cell 80a is the 
first cell of the battery cells 80 to be serially linked, and the second battery cell 80e or 80g 
is the last cell of the battery cells 80a-e or 80a-g to be serially linked, respectively. 

As mentioned previously, the battery 50 can include a circuit 130. The circuit 130 
can be electrically connected to one or more battery cells 80, and can be electrically 

10 connected to one or more battery terminals of the terminal block 105. In some 

constructions, the circuit 130 can include components to enhance the performance of the 
battery 50. In some constructions, the circuit 130 can include components to monitor 
battery characteristics, to provide voltage detection, to store battery characteristics, to 
display battery characteristics, to inform a user of certain battery characteristics, to 

15 suspend current within the battery 50, to detect temperature of the battery 50, battery cells 
80, and the like, to transfer heat from and/or within the battery 50. In some constructions 
and in some aspects, the circuit 130 includes a voltage detection circuit, a boosting circuit, 
a state of charge indicator, and the like, as discussed below. In some constructions, the 
circuit 130 can be coupled to a print circuit board 145, discussed below. In other 

20 constructions, the circuit 130 can be coupled to a flexible circuit 145. In some 

constructions, the flexible circuit 145 can wrap around one or more cells 80 or wrap 
around the interior of the housing 65. 

In some constructions and in some aspects, the circuit 130 can also include a 
microprocessor 140. The microprocessor 140 can store battery characteristics or battery 

25 identification information, such as, for example, battery chemistry, nominal voltage, and 
the like. In other constructions and in other aspects, the microprocessor 140 can store 
additional battery characteristics, such as, for example, battery temperature, ambient 
temperature, number of times the battery 50 has been charged, the number of times the 
battery has been discharged, various monitoring thresholds, various discharging 

30 thresholds, various charging thresholds, and the like, and can store information about the 
microprocessor 140 itself and its operation, such as, for example, frequency and/or number 
of times battery characteristics have been calculated, number of times the microprocessor 
140 disabled the battery 50, and the like. The microprocessor 140 can also control other 
electrical components of the circuit 130 included in the battery 50, as discussed below. 
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In the illustrated construction and in some aspects, the microprocessor 140 can be 
electrically connected to a printed circuit board ("PCB") 145. In the illustrate 
construction, the PCB 145 can provide the necessary electrical connections between the 
microprocessor 140 and the terminals 1 10, 1 15 and 120, the battery cells 80a-g and other 
5 electrical components included in the battery 50, as discussed below. In other 

constructions, the PCB 145 may include additional electrical circuitry and/or components, 
such as, for example, additional microprocessors, transistors, diodes, current-limiting 
components, capacitors, etc. 

In some constructions and in some aspects, the circuit 130 also can include a 

10 temperature-sensing device, such as, for example, a thermistor 150 or a thermostat (not 

shown). The temperature-sensing device can sense the temperature of one or more battery 
cells 80a-g included in the battery 50, can sense the temperature of battery 50 as a whole, 
or can sense ambient temperature and the like. In some constructions, the resistance value 
of the thermistor 150 can be indicative of the temperature of the one or more battery cells 

1 5 80a-g being sensed and can change as the temperature of the one or more battery cells 80a- 
g changes. In some constructions, the microprocessor 140 can determine the temperature 
of the one or more battery cells 80a-g based on the resistance value of the thermistor 150. 
The microprocessor 140 can also monitor the change in temperature verses time by 
monitoring the thermistor 150 over time. The microprocessor 140 can also send the 

20 temperature information to an electrical device, such as the power tool 55 and/or the 

battery charger 60, and/or use the temperature information to initiate certain functions or 
to control other components within the battery 50, as discussed below. As shown in the 
illustrated construction, the thermistor 150 is mounted on the PCB 145. 

In some constructions and in some aspects, the circuit 130 can also include a 

25 present state of charge indicator, such as, for example, a fuel gauge 155 shown in the 

illustrated constructions. The fuel gauge 155 can include a light-emitting diode ("LED") 
display that indicates the present state of charge of the battery 50. In other constructions, 
the fuel gauge 155 can include a matrix display. As shown in Figs. 1-3, the fuel gauge 155 
can be located on an upper face 157 of the battery housing 65. In other constructions, the 

30 fuel gauge 155 can be located anywhere on the housing 65 such as, for example, on a 

lower face 158 of the housing 65, on one of the sides 159 of the housing 65, on the bottom 
face 161 of the housing, on the rear face 162 of the housing 65, on two or more of the 
faces or sides of the housing 65, and the like. 
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In some constructions, the gauge 155 can be enabled via a push-button switch 160 
located on the housing 65 of the battery 50. In other constructions, the gauge can be 
activated automatically by a predefined time period as counted by a timer, by a predefined 
battery characteristic, and the like. In the illustrated construction, the gauge 155 can be 
5 electrically connected to the microprocessor 140 via a ribbon cable 165 and can include 
four LEDs 170a, 170b, 170c and 170d providing the LED display. 

In some constructions, the microprocessor 140 can determine the present state of 
charge of the battery 50 (i.e., how much charge is left in the battery 50) when the push- 
button 160 is depressed and outputs the charge level to the fuel gauge 155. For example, if 

10 the present state of charge of the battery 50 is approximately 100%, all of the LEDs 170a, 
170b, 170c and 170d will be turned on by the microprocessor 140. If the present state of 
charge of the battery 50 is approximately 50%, only two of the LEDs, such as, for 
example, LEDs 170a and 170b, will be turned on. If the present state of charge of the 
battery 50 is approximately 25%, only one of the LEDs, such as, for example, LED 170a, 

1 5 will be turned on. 

In some constructions, the output can be displayed on the fuel gauge 155 for 
approximately a predefined time period (i.e., a "displaying time period") after the push- 
button 160 is initially depressed. In some constructions, the microprocessor 140 can 
disable the fuel gauge 155 or output a zero present state of charge output if the temperature 

20 of one or more battery cells 80a-g exceed a predetermined threshold. In some 

constructions, the microprocessor 140 can disable the fuel gauge 155 or output a zero 
present state of charge output when an abnormal battery characteristic such as, for 
example, a high battery temperature, is detected even if the battery 50 has a relatively high 
charge level remaining. In some constructions, the microprocessor 140 can disable the 

25 fuel gauge 155 or output a zero present state of charge output if the present state of charge 
of the battery 50 or the present state of charge of one or more cells 80a-g fall below a 
predetermined threshold. In some constructions, the microprocessor 140 can disable the 
fuel gauge 155 or output a zero present state of charge output approximately after a 
predefined time period (i.e., a "cut-off time period") regardless if the push-button 160 

30 remains depressed or not. In some constructions, the cut-off time period can be 

substantially equal to the displaying time period, and, in other constructions, the cut-off 
time period can be greater than the displaying time period. 

In some constructions, the microprocessor 140 does not enable the fuel gauge 155 
when the push-button 160 is depressed during time periods when the battery 50 is active 
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(e.g., during charging and/or discharging). Present battery state of charge information can 
be suppressed during these time periods to avoid erroneous state of charge readings. In 
these constructions, the microprocessor 140 may only provide present state of charge 
information in response to the depressed push-button 160 when the current through the 
5 battery 50 (e.g., charging current, discharging current, parasitic current, etc.) is below a 
predefined threshold. 

In some constructions, the microprocessor 140 can enable the fuel gauge 155 
whether or not the push-button 160 is depressed during time periods when the battery 50 is 
active (e.g., during charging and/or discharging). In one construction for example, the fuel 

10 gauge 155 can be operational during charging. In this construction, the microprocessor 
140 can automatically enable the fuel gauge 155 to display the current state of charge of 
the battery 50 continuously, periodically (e.g., after certain predetermined time intervals or 
during periods of low current draw/supply), in response to certain battery characteristics 
(e.g., when the current state of charge reaches certain defined thresholds, such as, every 

15 5% increase in state of charge), or in response to certain stages, modes, or changes in the 
charge cycle. In other constructions, the microprocessor 140 may enable the fuel gauge 
155 in response to the depression of the push-button 160 when the battery 50 is active. 

In some constructions and in some aspects, the fuel gauge 155 can be enabled via a 
touch pad, a switch, or the like. In other constructions, the battery 50 can include another 

20 push-button or switch (not shown) for enabling and disabling an automatic displaying 

mode. In these constructions, a user can select whether to have the circuit 130 operate in 
an automatic displaying mode or operate in a manual displaying mode. The automatic 
displaying mode can include the fuel gauge 155 displaying the current state of charge of 
the battery 50 without user activation. For example, in the automatic displaying mode, the 

25 fuel gauge 155 can display the current state of charge of the battery 50 periodically (e.g., 
after certain predetermined time intervals), in response to certain battery characteristics 
(e.g., when the current state of charge reaches certain defined thresholds, such as, every 
5% increase or decrease in state of charge), or the like. The manual displaying mode can 
include the fuel gauge 155 displaying the current state of charge in response to user 

30 activation such as, for example, the depression of the push-button 160. In some 

constructions, the push-button 160 can be disabled when the circuit 130 is operating in the 
automatic displaying mode. In other constructions, the push-button 160 can still enable 
the fuel gauge 155 even when the circuit 130 is operating in the automatic displaying 
mode. In further constructions, the automatic displaying mode can be enabled and 


-13- 

disabled via the push-button 160, a control signal from an electrical device such as, for 
example, a power tool 55 or battery charger 60, or the like. 

In some constructions, the circuit 130 can include a boosting circuit 171. The 
boosting circuit 171 can providing additional power for components included in the circuit 
5 130 during periods of low battery voltage, as discussed below. For example, the 

microprocessor 140 may need a voltage source of approximately 3 V or approximately 5 V 
in order to operate. If the present state of charge of the battery 50 falls below about 5 V or 
about 3 V, then the microprocessor 140 may not receive enough power to operate and 
control the remainder of the components included in the circuit 130. In other 

10 constructions, the boosting circuit 171 can "boost" a lower input voltage into a higher 
output voltage, as discussed below. 

Various constructions of the boosting circuit 171 are illustrated in Figs. 1 1 A-F. In 
one construction such as, for example, the construction shown in Fig. 1 1 A, the boosting 
circuit 171a can include a power source or power component such as, for example, another 

15 battery cell 172. In some constructions, the battery cell 172 can be different in chemistry, 
nominal voltage and the like than the battery cells 80 connected in series. For example, 
the battery cell 172 can be a 1.2 V cell of Li-ion. 

In some constructions, the boosting circuit 171a may only supply power to the 
remainder of the circuit 130 (such as, for example, the microprocessor 140) when the 

20 combined present state of charge of the battery cells 80 drops below a threshold. In some 
constructions, the boosting circuit 171a may only supply power to the remainder of the 
circuit 130 when the temperature of the battery cells 80 drops below a low temperature 
threshold and when the combined present state of charge of the battery cells 80 drops 
below a low voltage threshold. In other constructions, the boosting circuit 171a may only 

25 supply power to the remainder of the circuit 130 during periods of operation in low 

temperature conditions (e.g., the pack temperature is below a low temperature threshold, 
or the ambient temperature is below a low temperature threshold). In these constructions, 
the boosting circuit 171a may only supply power in order to prevent the circuit 130 (e.g., 
the microprocessor 140) from experiencing a "brown-out" condition (e.g., an insufficient 

30 supply of voltage for a period of time). A brown-out condition may be caused by battery 
voltage fluctuations which can be more evident or pronounced during low operating 
temperatures (e.g., either pack temperature or ambient temperature). 

In another construction such as, for example, the construction illustrated in Fig. 
1 IB, the boosting circuit 171b can include a boost mechanism 173 such as, for example, 
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an inductive "flyback" type converter, a switched capacitor converter, and the like. 
Similar to boosting circuit 171a, the boosting circuit 171b may supply power to the 
remainder of the circuit 130 in response to various battery conditions. 

In yet another construction such as, for example, the construction illustrated in Fig. 
5 11C, the boosting circuit 171 can be a capacitive boosting circuit 171c. As shown, the 
capacitive boosting circuit 171c can include a capacitor 174. During operation, the 
capacitor 174 can be charged either by the discharge circuit from the battery cells 80 or by 
a signal from the microprocessor 140 or additional circuitry. Similar to boosting circuit 
171a, the boosting circuit 171c may supply power to the remainder of the circuit 130 in 

10 response to various battery conditions. 

In a further construction such as, for example, the construction illustrated in Fig. 
1 ID, the boosting circuit 171d can include a transistor or switch 175. In some 
constructions, the switch 175 can be a power field effect transistor ("FET") 180, as 
discussed below. In an exemplary implementation, the switch 175 is a FET. In some 

1 5 constructions, the boosting 1 7 Id can operate by interrupting the discharge current from a 
certain period of time to allow the present state of charge of the battery 50 to recover. For 
example, the battery cells 80 may experience large voltage fluctuations due to low cell 
temperature, low ambient temperature, high discharge current (e.g., large load), and the 
like. By interrupting the discharge current for a period of time, the large fluctuations in 

20 state of charge may reduce, and the voltage of the battery cells 80 may rise. Activating 

and deactivating the switch 175 may prevent the large fluctuations from creating a brown- 
out condition for the circuit 130. Similar to the boosting circuit 171a, the boosting circuit 
17 Id may be activated in response to certain battery conditions such as, for example, low 
temperature, low battery state of charge, and the like. In some constructions, the switch 

25 175 can be used in combination with the capacitor 174 of circuit 171c to recharge the 
capacitor 174. 

In some constructions, the switch 175 can be activated (e.g., repetitively switched) 
at a set frequency or duty cycle. In other constructions, the switch 175 can be activated in 
a hysteretic manner. For example, the switch 1 75 may only be activated if the voltage of 
30 the battery 50 reaches or drops below a first threshold. The switch 175 may remain open 
(e.g., interrupting the current flow) until the present state of charge of the battery 50 
recovers to or exceeds a second threshold, typically greater than the first threshold. In 
some constructions, the second threshold can equal the first threshold. In some 
constructions, the more the battery state of charge is depleted, the time period that the state 
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of charge takes to recover or reach the second threshold can be longer. In these instances, 
the circuit 130 can also include a timer (not shown). When a first time kept by the timer 
expires and the state of charge has not recovered to the second threshold, then the circuit 
130 can infer that the battery 50 is fully discharged, and can continue to have the switch 
5 175 remain open to prevent the battery 50 from entering an over-discharged state. 

In a further construction such as, for example, the constructions illustrated in Fig. 
1 IE and 1 IF, the boosting circuit 171 can be a capacitive charge pump boost circuit such 
as the boosting circuits 171e and 171f. In these constructions, the boosting circuits 171e 
and 171f can "boost" one or more lower voltage signals into a higher output voltage 

10 signal. As shown in Fig. lie, the boosting circuit 171e can include one or more inputs 

1 76a-f for receiving AC signals, controls signal, and the like, and one or more low voltage 
inputs 179 for receiving one or more low voltage signals. The signals (e.g., the AC signals 
and/or the control signals) can be used to increase the low voltage signals and the charge 
stored on (or the voltage across) a capacitor 178, and generate a higher voltage output 

15 signal at output 177. Similar to the boosting circuit 171e, boosting circuit 171f can also 
include one or more inputs 1 76a-d for receiving low voltage AC power signals, control 
signals, and the like, and one or more low voltage inputs 179 for receiving one or more 
low voltage signals. In an exemplary implementation, the boosting circuit 171e can boost 
an approximately 3 V input signal to an approximately 10 V output signal, and the 

20 boosting circuit 171f can boost an approximately 3 V input signal to an approximately 5 V 
output signal. 

In some constructions, the boosting circuits 171e and 171f can provide higher 
voltage signals to components within the circuit 130 at any time and during any battery 
condition. For example, the boosting circuit 171e can provide an output signal to power a 

25 power FET or switch, as discussed below, and the boosting circuit 171f can provide an 
output signal to power one or more transistors, as discussed below. 

In some constructions and in some aspects, the circuit 130 can include a 
semiconducting switch 180 that interrupts the discharging current when the circuit 130 
(e.g., the microprocessor 140) determines or senses a condition above or below a 

30 predetermined threshold (i.e., an "abnormal battery condition"). In some constructions, an 
abnormal battery condition can include, for example, high or low battery cell temperature, 
high or low battery state of charge, high or low battery cell state of charge, high or low 
discharge current, high or low charge current, and the like. In the illustrated constructions, 
the switch 180 includes a power FET or a metal-oxide semiconductor FET ("MOSFET"). 
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In other constructions, the circuit 130 can include two switches 180. In these 
constructions, the switches 180 can be arranged in parallel. Parallel switches 180 can be 
included in battery packs supplying a high average discharge current (such as, for 
example, the battery 50 supplying power to a circular saw 56, a driver drill 58, and the 
5 like). 

In some constructions, the circuit 130 can further include a switch control circuit 
182 to control the state of the switch 180 (or switches 180 if applicable). In some 
constructions, the switch control circuit 182 can include a transistor 185 such as, for 
example, a npn-bipolar junction transistor or a field-effect transistor ("FET"). In these 

10 constructions, the circuit 130 (e.g., the microprocessor 140) can control the switch 180 by 
changing the state of the transistor 185. As shown in Figs. 7-9, the source 190 of the FET 
1 80 can be electrically connected to the negative end 95 of the battery cell 80a-e, and the 
drain 195 of the FET 1 80 can be electrically connected to the negative terminal 115. The 
switch 180 can be mounted to a second PCB 200 (shown in Fig. 7). In some constructions 

15 and in some aspects, such as, for example, the constructions illustrated in Figs. 14A-E, the 
switch 180 can be mounted on the PCB 145. In other constructions, the switch 180 can be 
mounted in another suitable position or location. 

In an exemplary implementation, current will flow through the switch 180 from the 
drain 195 to the source 190 during discharging, and current will flow through the switch 

20 180 from the source 190 to the drain 195 during charging. In the event an abnormal 
battery condition is detected by the circuit 130 (e.g., the microprocessor 140), the 
microprocessor 140, for example, can turn on the transistor 185, that is, bias the transistor 
185 into a conducting state. When the transistor 185 is in a conducting state, there is not 
enough voltage across the gate 205 and the source 190 of the FET 180 for the switch 180 

25 to be in a conducting state. Thus, the FET 180 becomes non-conducting, and current flow 
is interrupted. 

In some constructions, once the switch 180 becomes non-conducting, the switch 
180 may not reset even if the abnormal condition is no longer detected. In some 
constructions, the circuit 130 (e.g., the microprocessor 140) may reset the switch 180 only 
30 if an electrical device, such as, for example, a battery charger 60, instructs the 

microprocessor 140 to do so. In some constructions, the microprocessor 140 may reset the 
switch 1 80 after a predefined time period. In some constructions, if the microprocessor 
140 detects an abnormal battery condition during discharge, the microprocessor 140 may 
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not change the state of the switch 180 to non-conducting until the microprocessor 140 also 
detects a discharge current below a predetermined threshold (i.e., a low discharge current). 

In some constructions, the switch 1 80 can be configured to only interrupt current 
flow when the battery 50 is discharging. That is, the battery 50 can be charged even when 
5 the switch 180 is in the non-conducting state. As shown in Figs. 4 and 5, the switch 180 
can include a body diode 210, which, in some constructions, is integral with a MOSFET 
and other transistors. In other constructions, the diode 210 can be electrically connected in 
parallel with the switch 180. 

In another exemplary implementation, when the battery 50 is being discharged 

10 (i.e., represented in Fig. 5 as a switch 215 being in a first position 220 to allow current to 
flow through a load 225, such as, for example, a power tool 55), current flows through the 
battery 50 in direction 230, that is, through the drain 190 of the FET 180 to the source 190 
of the FET 180. When the battery 50 is being charged (i.e., represented in Fig. 5 as the 
switch 215 being positioned in a second position 235 to allow current to flow from an 

15 electric device, such as, for example, a battery charger 60), current flows through the 

battery 50 in direction 240, that is, through the source 190 of the FET 180 to the drain 195 
of the FET 180. 

In this implementation, current flow in the direction 230 may be interrupted when 
the switch 1 80 is in the non-conducting state. Therefore, the battery 50 no longer supplies 

20 a discharge current to the load 225. In some constructions, the circuit 130 including , for 
example, the microprocessor 140 or additional circuitry 250 (which may or may not 
include the microprocessor 140), may change the state of the switch 180 from non- 
conducting to conducting when the microprocessor 140 receives an instruction or 
command to do so. In some constructions, the microprocessor 140 and/or additional 

25 circuitry 250 may not receive a command or an instruction and, therefore, may not change 
the state of the switch 1 80 from non-conducting to conducting. For example, the battery 
50 may become deeply discharged that the battery 50 does not have enough power in the 
battery cells 80 to power the circuit 130. If the battery 50 does not have enough power to 
power the circuit 130, communication (as performed by the circuit 130) between the 

30 battery 50 and an electrical device (e.g., battery charger 60) may not be able to take place 
and then the electrical device may not be able to send a control signal to the battery 50 to 
re-set the switch 180. In these instances, the body diode 210 included in the switch 180 
may conduct current in the direction 240 (i.e., a charging current) supplied by an electrical 
device such as, for example, the battery charger 60. This can allow the battery 50 to be 
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charged even if the switch 1 80 is not conducting, or at least receive enough charge to 
power the circuit 130, re-set the switch 180, and commence communication or charging. 

In some constructions and in some aspects, the circuit 130 (e.g., microprocessor 
140) can monitor battery cell voltage for an abnormal condition (e.g., low battery cell 
5 voltage) and can activate the switch 180 to interrupt the discharge current if an abnormal 
condition is detected. In some constructions, battery cell damage can occur if the cell 
voltage drops to or below a certain voltage, such as, for example, a cell "reversal" voltage. 
In some constructions, cell reversal occurs at approximately 0 V. In some constructions, 
the microprocessor 140 or the circuit 130 can establish a cell reversal threshold as a 
10 preventative precaution. In some constructions, the cell reversal threshold can be set at the 
cell reversal voltage. In other constructions, the cell reversal threshold can be set higher 
than the cell reversal voltage. For example, the cell reversal threshold can be set for 
approximately 1 V. 

In some instances, the battery 20 can experience a voltage "depression" (e.g., large 

1 5 temporary drop in voltage) during the start of discharge. The voltage depression can 
typically be temporary and most evident at low battery temperatures. In some 
constructions, a voltage depression can drop to or below the cell reversal threshold. 

In some constructions and in some aspects, the circuit 130, such as the 
microprocessor 140, can include variable response times for responding or reacting to 

20 monitored battery characteristics. In some constructions, the variable response time can 
include multiple monitoring modes for the circuit 130. That is, the circuit 130 (e.g., the 
microprocessor 140) can operate in multiple modes when detecting and/or monitoring 
battery characteristics such as, for example, cell state of charge, battery state of charge, 
and other similar battery characteristics. For example, the microprocessor 140 can include 

25 a first mode with a first sampling rate and a second mode with a second sampling rate. In 
some constructions, the first sampling rate can be set and can differ from the second 
sampling rate, which can also be set. In other constructions, the first sampling rate can be 
dependent on a first parameter, which may include, for example, one or more battery 
characteristics, one or more control signals from an electrical device (e.g., the power tool 

30 55 or the battery charger 60), or the like, and may vary according to that first parameter. 
Similarly, the second sampling rate can also be dependent on the first parameter or can be 
dependent on a second parameter (similar to the first parameter, for example), and may 
vary according to that second parameter. In other constructions, the microprocessor 140 
can include additional sampling rates and additional modes, as will be discussed below. 
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In some constructions, for example, the microprocessor 140 can operate in a first 
mode or "slow" mode. In these constructions, operation in the slow mode can reduce 
activation of the switch 180 due to voltage depressions by prolonging the response time. 
In some constructions, the microprocessor 140 may operate in the slow mode when the 
5 load on the battery 20 is not high enough to require a fast response time (e.g., the current 
draw is relatively low). In some constructions, the microprocessor 140 may operate in the 
slow mode until the present battery state of charge remaining drops below a predefined 
threshold, such as, for example, approximately 10% state of charge remaining. 

In an exemplary implementation, the microprocessor 140 can sample the cell 
1 0 voltages at a slow rate, such as, for example, once per second, when operating in the slow 
mode. Since the microprocessor 140 is sampling at a slow rate, the microprocessor 140 
experiences a slower response time. In some constructions, the slow mode may be 
adequate for most monitoring conditions and can reduce the quiescent current drawn by 
the circuit 130 (e.g., the microprocessor 140 and additional circuitry). In some 
15 constructions, the microprocessor 140 can operate in the slow mode as long as the cell 
voltages are above a predefined threshold or "mode switch" threshold, such as, for 
example, 3.73 V. 

In some constructions, the microprocessor 140 can operate in a second mode or 
"fast" mode. In these constructions, operation in the fast mode can quicken the response 

20 time for detecting an abnormal condition. In some constructions, the microprocessor 140 
can operate in the fast mode when the one or more cell voltages drop to the predefined 
threshold or "mode switch" threshold, such as, for example, 3.73 V. In some 
constructions, the microprocessor 140 can operate in the fast mode when the present 
battery state of charge remaining drops to a predefined threshold, such as, for example, 

25 approximately 10% state of charge remaining. 

In another exemplary implementation, the microprocessor 140 samples the cell 
voltages at a fast rate, such as, for example, 100 samples per second when operating in the 
fast mode. In some constructions, the cell voltages sampled by the microprocessor 140 
may be averaged over a certain number of samples before activation of the switch 180 

30 occurs. In some constructions, for example, the switch 180 may not be activated by the 
microprocessor 140 unless the average of thirty samples is equal to or less than the cell 
reversal threshold. Averaging the samples can have an effect of digitally "filtering" the 
voltage information that is read by the microprocessor 140 and can provide some delay for 
the microprocessor 140 to ignore the "inrush" current and/or voltage depressions. 
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Averaging the samples can also have an effect of filtering the voltage information from 
electrical noise due to external speed control circuits. In some constructions, the number 
of samples for averaging can vary depending on the operating mode of the microprocessor 
140, the type of battery characteristic being monitored, and the like. 
5 In some constructions, the microprocessor 140 may also activate the switch 180 

when operating in the fast mode if the cell voltages drop below a predefined threshold, 
such as a cut-off threshold, for a certain amount of time such as, for example, several 
seconds. In some constructions, the cut-off threshold can be greater than the cell reversal 
threshold. For example, the cut-off threshold may be approximately 2 V, and the cell 

10 reversal threshold may be approximately 1 V. In cases where voltage drops below 1 V, 
response time my be much faster (on the order of 300 ms). The variable response times 
can reduce the amount of nuisance shut-downs while still protecting the cells adequately. 

In some constructions, the voltage thresholds (the cut-off threshold and the cell 
reversal threshold) can be adjusted up or down by the microprocessor 140 in accordance 

15 with the battery temperature. This can allow for the optimization based on battery 
temperature characteristics. 

In a further exemplary implementation, the microprocessor 140 can varying the 
response times by varying the number of samples to be averaged. For example, the 
microprocessor 140 can sample a battery characteristic such as, for example, battery 

20 temperature. According to a first mode, the microprocessor 140 can have a "slow" 
response time by averaging the battery temperature measurements over 50 samples. 
According to a second mode, the microprocessor 140 can have a "fast" response time by 
averaging the battery temperature measurements over 30 samples. In some constructions, 
the measurements can be sampled at the same rate. In other constructions, the 

25 measurements can be sampled at different rates. For example, the first mode can sample 
the measurements at a rate of approximately 1 sample per second, and the second mode 
can sample the measurements at a rate of approximately 10 samples per second. 

In some constructions, the microprocessor 140 can control and limit the current 
draw without the need for current-sensing devices, because the microprocessor 140 is 

30 capable of sensing a high discharge current by monitoring cell voltages. For example, 
when a high current load causes the cell voltages to drop to a low level, such as, for 
example, the cut-off threshold and/or the cell reversal threshold, the microprocessor 140 
may activate the switch 180 and disable the battery 20. The microprocessor 140 can 
indirectly limit the current draw by monitoring the cell voltages and disable the battery 20 
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when the cell voltages drop to certain levels (e.g., the cut-off threshold and/or the cell 
reversal threshold). 

In some constructions and in some aspects, the circuit 130 (e.g., in some 
constructions, the microprocessor 140) can monitor battery conditions (e.g., battery cell 
5 voltage/present state of charge, battery cell temperature, battery pack voltage/present state 
of charge, battery pack temperature, etc.) periodically to reduce the parasitic current draw 
from the battery 50. In these constructions, the microprocessor 140 can operate in a 
"sleep" mode for a first predefined time period (i.e., a "sleep time period"). During the 
sleep mode, the microprocessor 140 may draw a low quiescent current from the battery 50. 
10 After the sleep time period expires, the microprocessor 140 can "wake up" or, in other 
words, can operate in an active mode for a second predefined time period (i.e., an "active 
time period"). During the active mode, the microprocessor 140 can monitor one or more 
battery conditions. 

In some constructions, the sleep time period can be greater than the active time 

15 period. In some constructions, the ratio of the active time period to the sleep time period 
can be low such that the average parasitic current draw is low. In some constructions, the 
ratio can be adjusted (e.g., increased) during time periods of known battery activity, such 
as, for example, when the microprocessor 140 senses a discharge current or a charge 
current approximately equal to a predetermined threshold. In some constructions, when 

20 the microprocessor 140 detects certain voltage and/or temperature characteristics, the sleep 
time period can be decreased and/or the active time period can be increased. 

In some constructions and in some aspects, the circuit 130 can include a voltage 
detection circuit 259. In some constructions, the voltage detection circuit 259 can include 
a plurality of resistors 260 forming resistor divider networks. As shown in the illustrated 

25 construction, the plurality of resistors 260 can include resistors 260a-d. The plurality of 
resistors 260 can be electrically connected to one or more battery cells 80a-g and to a 
plurality of transistors 265. In the illustrated construction, the plurality of transistors 265 
can include transistors 265a-d or 265a-f. In some constructions, the number of resistors 
included in the plurality of resistors 260 can equal the number of transistors included in the 

30 plurality of transistors 265. 

In some constructions, voltage characteristics of the battery 50 and/or of the battery 
cells 80 can be read by the microprocessor 140 through the plurality of resistors 260 when 
the microprocessor 140 is in the active mode. In some constructions, the microprocessor 
140 can initiate a voltage-read event by turning off transistor(s) 270 (i.e., transistor 270 
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becomes non-conducting). When the transistor(s) 270 is non-conducting, the transistors 
265a-d become conducting and voltage measurements regarding the battery 50 and/or 
battery cells 80 can be made by the microprocessor 140. Including the plurality of 
transistors 265 in the battery 50 can reduce the parasitic current draw from the battery 50, 
5 because the transistors 265 are only conducting periodically. 

In some constructions and in some aspects, the microprocessor 140 communicates 
battery pack characteristics and/or conditions to electrical devices, such as, for example, a 
power tool 55 and/or a battery charger 60, when the battery 50 and the electrical device are 
electrically connected. In some constructions, the microprocessor 140 digitally 

10 communicates to the electrical device in a serial manner. The sense terminal 120 of the 
battery 50 provides a serial communication link between the microprocessor 140 and the 
electrical device. The information regarding the battery 50 that can be exchanged between 
the microprocessor 140 and the electrical device includes, but is not limited to, battery 
pack chemistry, battery pack nominal voltage, battery pack temperature, battery pack 

15 present state of charge, battery cell(s) nominal voltage, battery cell(s) temperature, battery 
cell(s) present state of charge, calibration techniques/information, charging instructions, 
number of charge cycles, estimated remaining life expectancy, discharging information, 
etc. 

In some constructions, an electrical device, such as, for example, a battery charger 
20 60, can calibrate the microprocessor 140 when electrical connection is established. In 
some constructions, the measuring circuitry included in the battery charger 60 will be 
more precise than the circuitry included in the battery 50. Therefore, the battery charger 
60 calibrates the microprocessor 140 and/or the circuit 130 included in the battery 50 to 
improve battery measurements made by the microprocessor 140 and/or by the circuit 130. 
25 In some constructions, the circuit 130 can also include a voltage regulator 273. 

The voltage regulator 273 can supply an appropriate voltage to the microprocessor 140, 
the LEDs 170a-d of the fuel gauge 155 and any other additional electrical component that 
requires a constant voltage input. In the illustrated construction, the voltage regulator 273 
can output approximately 5 V. 
30 In some constructions and in some aspects, the battery 50 may include a heat sink 

275. The heat sink 275 can be in thermal communication with the power FET or switch 
180. The heat sink 275 can serve to remove heat generated by the switch 180 away from 
the switch 180. 
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In some constructions and in some aspects, the battery 50 may also include a heat 
pipe (not shown) or a fan (not shown) to increase the amount of heat being transferred 
from the heat sink 275. Such a heat pipe can be in thermal communication with the heat 
sink 275 in order to remove heat collected by the heat sink 275. Such a fan or blower can 
5 be in a position to create a flow of cooling air to pass over the heat sink 275. Vents (not 
shown) can be positioned in the housing 65 of the battery 50 to allow cool air to enter the 
battery pack 50 and the heated air to leave the battery pack 50. In some constructions, the 
heat pipe and/or fan can be positioned to collect and/or remove heat generated by the 
battery cells 80a-e in addition to or as a substitute for the heat generated by the heat sink 
10 275. 

In some constructions and in some aspects, the battery 50 can also include a phase 
change material 300 (see Figs. 20-22). In such constructions, the phase change material 
300 can be positioned to absorb and/or to remove heat generated by the battery cells 80a-g 
and conductive links 100 (not shown in Figs. 20-22). As the phase change material 300 
15 undergoes phase transformation (e.g., from solid to liquid, from liquid to gas, from liquid 
to solid, from gas to liquid, etc.) at a phase change temperature, a large amount of energy 
is absorbed or released (i.e., latent heat of fusion, latent heat of vaporization, etc.). During 
such a phase transformation, the phase change material 300 can have a relatively constant 
temperature. 

20 In an exemplary implementation, the temperature of the battery cells 80 may 

increase as a load is applied to the battery cells 80. In some constructions, as illustrated in 
Fig. 20, the phase change material 300 can surround each of the battery cells 80. In such 
constructions, heat generated by the battery cells 80 may be first conducted to an exterior 
surface 305 of the battery cells 80, and then to the surrounding phase change material 300. 

25 As the phase change material 300 continues to absorb heat from the battery cells 80 and 
conductive links 100, the temperature of the phase change material 300 can increase. As 
the temperature of the phase change material 300 reaches the phase change temperature, 
the phase change material 300 can begin to undergo a phase transformation from a first 
phase to a second phase, while the temperature of the phase change material 300 remains 

30 relatively constant and approximately equal to the phase change temperature. In some 
constructions, the phase change material 300 may continue to undergo phase 
transformation until the phase change material 300 has completely transformed into the 
second phase and/or the load has been removed from the battery cells 80 (i.e., the battery 
cells 80 are no longer generating heat). 
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In some constructions and in some aspects, the phase change material 300 can have 
a phase change temperature greater than an expected ambient temperature and less than a 
maximum allowable battery cell temperature. In some constructions and in some aspects, 
the phase change material 300 can have a phase change temperature between -34°C and 
5 1 16°C. In some constructions and in some aspects, the phase change material 300 can 

have a phase change temperature in between 40°C and 80°C. In some constructions and in 
some aspects, the phase change material 300 can have a phase change temperature 
between 50°C and 65°C. 

The phase change material 300 can be any suitable phase change material, can 

10 have a high latent heat per unit mass, can be thermally cyclable, inert, non-corrosive, non- 
contaminating, and can comprise paraffin waxes (such as those available from 
Rubitherm® headquartered in Hamburg, Germany), eutectic mixtures of salts (such as 
those available from Climator based in Skovde, Sweden), halogenated hydrocarbons and 
mixtures thereof, salt hydrate solutions, polyethylene glycol, stearic acid, and 

1 5 combinations thereof. 

An alternate construction of a battery 50A is illustrated in Figs. 21 and 22. 
Common elements have the same reference number "A". 

In the illustrated construction, the battery 50A can further include a heat sink 275A 
to spread heat from the battery cell 80A over a greater area of the phase change material 

20 300A. The heat sink 275A may also be employed to provide additional heat storage 
capacity to absorb and/or remove heat generated by the battery cells 80A. 

In some constructions, the heat sink 275 A may comprise one element (not shown) 
that wraps each and all of the battery cells 80a-e. In other constructions, the heat sink 
275 A may comprise multiple pieces such that each battery cell 80A is substantially 

25 wrapped by a heat sink 275 A, as shown in Figs. 21 and 22. In still other constructions, as 
shown in Fig. 21, the heat sink 275 A may include an inner cylindrical portion 320 adjacent 
the exterior surface 305A of the battery cell 80A, an outer cylindrical portion 325 disposed 
a radial distance from the inner cylindrical portion 320 and radial ribs 330 spaced a 
circumferential distance from one another that connect the inner cylindrical portion 320 

30 and the outer cylindrical portion 325 and define a space 335 therebetween. The space 335 
may be filled with phase change material 3 00 A. A similar configuration as that shown in 
Fig. 21 may also be employed to encapsulate multiple battery cells (not shown). In yet 
other constructions, the heat sink 275 A may comprise radial ribs 330, as described above, 
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without employing either or both of the inner cylindrical portion 320 and the outer 
cylindrical portion 325. 

In another alternate construction, as shown in Fig. 22, the heat sink 275B can 
include an inner cylinder portion 320B and radial ribs 330B as described above, and the 
5 phase change material 300B may be offset from the battery cell 80B and the heat sink 
275B. It should be understood that other heat sink and phase change material 
configurations are possible. The heat sink 275 may be formed of a metal (e.g., aluminum), 
a polymer (e.g., nylon), and/or any other material with high thermal conductivity and 
specific heat. 

10 In some constructions and in some aspects, the battery 50 can include cushion 

members or "bumpers" 340. As shown in Figs. 20A and B, the interior face 345 of the 
battery housing 65 can include one or more cushion members 340. In some constructions, 
the cushion members 340 can be integral with the housing 65. In other constructions, the 
cushion members 340 can be attached or secured to the interior face 345 of the housing 65. 

15 In further constructions, the cushion member 340 can be connected to one or more battery 
cells 80 or to an endcap 350 (partially shown in Fig. 16) surrounding one of the ends of the 
battery cells 80. In some constructions, the cushion members 345 can absorb energy 
during impact and protect the battery cells 80 during impact by limiting the amount of 
energy transferred to the cells 80. The cushion members 345 can include any 

20 thermoplastic rubber such as, for example, polypropylene RPT 100 FRHI (e.g., flame 
retardant-high impact). 

As illustrated in Figs. 21 A-C, 22 and 23, the battery 50 can be configured to 
connect with an electrical device, such as the power tool 55. The power tool 55 includes a 
housing 400. The housing can provide a connection portion 405 to which the battery 50 

25 can be connected. The connecting portion 405 can include one or more electrical device 
terminals (shown schematically in Fig. 22) to electrically connect the battery 50 to the 
power tool 55. The terminals included in the power tool 55 are configured to mate with 
the terminals 110, 115 and/or 120 included in the battery 50 and to receive power and/or 
information from the battery 50. 

30 In some constructions, such as the constructions shown schematically in Figs. 21 A- 

C, the power tool 55 can include a microcontroller or microprocessor 420 to communicate 
with the battery 50, receive information from the battery 50, control operation of the 
power tool 55, and/or control the discharging process of the battery 50. In the illustrated 
construction, the power tool 55 can include a positive terminal 430 to connect to the 
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positive terminal 1 10 of the battery 50, a negative terminal 435 to connect to the negative 
terminal 1 15 of the battery 50 and a sense terminal 440 to connect to the sense terminal 
120 of the battery 50. The microprocessor 420 can be electrically connected to each of the 
terminals 430, 435 and 440. 
5 The microprocessor 420 can communicate with the battery 50 or receive 

information from the battery 50 through the sense terminal 440 regardless whether the 
battery 50 includes a microprocessor, such as microprocessor 140, or not. In constructions 
in which the battery 50 includes a microprocessor, such as microprocessor 140, two-way 
communication can occur across the sense terminals 120 and 440. The microprocessors 
10 140 and 420 can exchange information back and forth, such as battery characteristics, 
power tool operating time and power tool requirements (e.g., current and/or voltage 
ratings). 

In constructions in which the battery 50 does not include a microprocessor, the 
microprocessor 420 periodically measures or detects one or more elements or components 
15 within the battery 50 to determine battery characteristics and/or battery operating 

information, such as, for example, battery chemistry, nominal voltage, present battery state 
of charge, cell voltages, temperature, etc. The microprocessor 420 can control the 
operation of the power tool 55 based on these and other battery characteristics and 
operating information. 

20 For example, in some constructions, the microprocessor 420 can be programmed to 

detect the battery temperature and disable the power tool 55 if the battery temperature is 
above a threshold temperature. In this example, the microprocessor 420 periodically 
detects the resistance of a thermistor 150 located in the battery 50 and determines the 
temperature of the pack 50 during tool operation (i.e., when a motor 450 within the tool 55 

25 is running). The microprocessor 420 then determines if the temperature of the battery 50 
is within an appropriate operating range. This can be accomplished by storing one or more 
temperature ranges within the microprocessor 420, allowing the microprocessor 420 to 
compare the detected temperature of the battery 50 to the one or more ranges. If the 
temperature of the battery 50 is not within the appropriate operating range, the 

30 microprocessor 420 interrupts the current flow from the battery 50 and/or shuts down the 
motor 450. In some constructions, the microprocessor 420 continues to disable the motor 
450 and/or interrupt the current flow from the battery 50 until the temperature of the 
battery 50 falls within the appropriate operating range. In some constructions in which the 
microprocessor 420 determines that the temperature of the battery 50 is not within an 
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appropriate operating range, the microprocessor 420 will not disable the motor 450 until 
the microprocessor 420 detects a low discharge current being supplied to the motor 450 by 
the battery 50. In some constructions, the motor 450 is re-enabled (i.e., power tool 55 is 
operable) when the microprocessor 420 detects that the battery 50 is removed from the 
5 power tool 55. 

In some constructions and in some aspects, the power tool 55 can also include a fan 
or blower 470 to force cooling air through the tool 55 and battery pack 50, as shown in 
Fig. 2 IB. The battery cells 80a, heat sinks 275, heat pipes (not shown) and/or power FET 
or switch 180, if included in the battery 50, can then be cooled by the passing air. In such 

10 a construction, the battery 50 and the power tool 55 include one or more vents to allow 
cooling air in and to allow heated air out. The power tool 55 includes one or more inlet 
vents 475 which, in the illustrated construction, are positioned substantially on top of the 
power tool housing 400. The power tool 55 also includes one or more outlet vents 480 
which are positioned substantially on the bottom of the connecting portion 405 of the 

15 power tool 55. The outlet vents 480 included in the power tool 55 are also positioned such 
that the inlet vents (not shown) of the battery 50 are substantially beneath the outlet vents 
480. In the illustrated construction, a motor 485 included in the power tool 55 powers the 
fan 470. In some constructions, a microprocessor 490 included in the power tool 55 
controls the operation of the fan 470. The microprocessor 490 can activate the fan 470 

20 during predetermined time intervals and/or if a high battery temperature is detected. 

As sown in Fig. 21C, the circuit 130 included in the battery 50 can communicate 
state of charge information to the microcontroller 420 included in the power tool 55. In 
this construction, the microcontroller 420 in the power tool 55 can display the battery state 
of charge information on a fuel gauge 1 1 5a included on or in the housing of the tool 55. In 

25 this construction, the fuel gauge 155a can be similar to the fuel gauge 155 included in the 
battery 50 and can be operated in a similar fashion (e.g., in an automatic displaying mode, 
in a manual displaying mode, and the like). In some constructions, the fuel gauge 155a 
can include a push-button 160 and can include more or fewer LEDs (e.g., LEDS 170a-d) 
than shown and described. 

30 As shown in Fig. 23, the circuit 130 included in the battery 50 can also be used to 

control operation of an electrical device, such as a power tool 55. In the construction 
shown, the power tool 55 include a motor 450, a trigger switch 491 activated by a user, a 
speed control circuit 492, an electric clutch 493, and a brake 494. The tool 55 also 
includes a positive terminal 900 to connect to the positive terminal 105 of the battery 50, a 
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negative terminal 901 to connect to the negative terminal 1 10 of the battery 50, and two 
sense terminals 902a and 902b to connect to two sense terminals 120a and 120b of the 
battery 50, respectfully. In other constructions, the power tool 55 and battery 50 can have 
more or fewer terminals than shown and described. 
5 In this construction, the circuit 130 can provide tool speed control as well as 

monitor battery pack parameters or characteristics. The power MOSFET or switch 1 80 
can control the switching function of the speed control circuit of the tool 55. In this 
construction, the power MOSFET used for the speed control circuit 492 can be included in 
the battery 50 rather than the power tool 55. 

10 As shown in Fig. 24, the battery 50 is also configured to connect with an electrical 

device, such as the battery charger 60. The battery charger 60 includes a housing 500. 
The housing 500 provides a connection portion 505 to which the battery 50 is connected. 
The connecting portion 505 includes one or more electrical device terminals (not shown) 
to electrically connect the battery 50 to the battery charger 60. The terminals included in 

15 the battery charger 60 are configured to mate with the terminals included in the battery 50 
and to transfer and receive power and information from the battery 50. 

In some constructions and in some aspects, the battery charger 60 also includes a 
microprocessor or microcontroller 510. The microcontroller 510 controls the transfer of 
power between the battery 50 and the battery charger 60. In some constructions, the 

20 microcontroller 510 controls the transfer of information between the battery 50 and the 
battery charger 60. In some constructions, the microcontroller 510 identifies and/or 
determines one or more characteristics or conditions of the battery 50 based on signals 
received from the battery 50. Also, the microcontroller 510 can control operation of the 
charger 60 based on identification characteristics of the battery 50. 

25 In some constructions and in some aspects, the battery charger 60 bases the 

charging scheme or method for charging the battery 50 on the temperature of the battery 
50. In one construction, the battery charger 60 supplies a charging current to the battery 
50 while periodically detecting or monitoring the temperature of the battery 50. If the 
battery 50 does not include a microprocessor, the battery charger 60 periodically measures 

30 the resistance of a thermistor, such as thermistor 150, after predefined periods of time. If 
the battery 50 includes a microprocessor, such as microprocessor 140, then the battery 
charger 60 either: 1) interrogates the microprocessor 140 periodically to determine the 
battery temperature and/or if the battery temperature is outside an appropriate operating 
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range(s); or 2) waits to receive a signal from the microprocessor 140 indicating that the 
battery temperature is not within an appropriate operating range. 

In some constructions, once the battery temperature exceeds a predefined threshold 
or does not fall within an appropriate operating range, the battery charger 60 interrupts the 
5 charging current. The battery charger 60 continues to periodically detect or monitor the 
battery temperature or waits to receive a signal from the microprocessor 140 indicating 
that the battery temperature is within an appropriate operating range. When the battery 
temperature is within an appropriate operating range, the battery charger 60 may resume 
the charging current supplied to the battery 50. The battery charger 60 continues to 

10 monitor the battery temperature and continues to interrupt and resume the charging current 
based on the detected battery temperature. In some constructions, the battery charger 60 
terminates charging after a predefined time period or when the present battery state of 
charge reaches a predefined threshold. 

In some constructions and in some aspects, the battery 50 and/or the electrical 

15 devices, such as the power tool 55 and battery charger 60, are capable of detecting 
imbalanced battery cells within the battery 50. In some constructions, rather than 
monitoring each battery cell 80a-e individually, a microprocessor, such as, for example, 
the microprocessor 140, 420, 490 and/or 510 (the "monitoring microprocessor"), monitors 
only two groups of battery cells 80 and determines cell imbalance using a ratio of voltages 

20 of the two cell groups. 

For example, a battery 600 is partially shown in Fig. 25. In some constructions, the 
battery 600 is similar to battery 50 and includes a microprocessor 140. In other 
constructions, the battery 600 does not include a microprocessor. In the illustrated 
construction, the battery 600 includes five battery cells 605a, 605b, 605c, 605d and 605e, 

25 each having substantially the same nominal voltage, such as, for example, approximately 4 
V. 

The battery cells 605a-e are arranged into two groups, group 610 and group 615. 
Group 610 includes battery cells 605a and 605b, and group 615 includes battery cells 
605c, 605d and 605e. 

30 The battery 600 also includes a lead or tap 620 which provides a voltage Veis 

across group 615 (i.e., the total voltage of battery cells 605c, 605d and 605e). When the 
battery cells 605a-e are approximately fully charged, the voltage V615 of group 615 equals 
approximately 12 V. The voltage V T is the voltage across all of the battery cells 605a-e. 
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When the battery cells 605 a-e are substantially fully charged, the voltage V T equals 
approximately 20 V. 

The monitoring microprocessor is programmed to monitor voltages V 6 is and V T . 
In some constructions, the monitoring microprocessor monitors the voltages V 6 is and V T 
5 either continuously or periodically and calculates a ratio R between the measured voltages 
V 6 i5 and Vt- The ratio R is determined by the equation: 

R = V 615 /V T 

When the cells 605a-e are substantially balanced, the ratio R equals approximately 
0.6. If one or more cells from the first group 610 are imbalanced (i.e., has a present cell 

10 state of charge or cell voltage lower than the other cells) during charging or discharging, 
the ratio R will be higher than 0.6. If one or more cells from the second group 615 are 
imbalanced during charging or discharging, the ratio R will be lower than 0.6. If two cells, 
one from the first group 610 and one from the second group 615 (e.g., cell 605a and cell 
605e) are imbalanced during charging or discharging, the ratio R will be higher than 0.6. 

15 In other words, if an imbalanced cell occurs, the ratio R will deviate plus or minus from 
the balanced ratio of 0.6. If the monitoring microprocessor detects a cell imbalance, that 
is, calculates a ratio R substantially higher or lower than the balance ratio of 0.6, operation 
of the battery 600 (i.e., charging and/or discharging) is interrupted or changed. In some 
constructions and in some aspects, operation of the battery 600 is interrupted or changed 

20 when the ratio R is not included within the range of approximately 0.55 to approximately 
0.65. 

Figs. 26 and 27 are a graphs which illustrates an example of approximately when 
an imbalance occurs within the battery 600 and how the ratio R deviates from its balanced 
ratio during this occurrence. In this example, each cell 605a-e has a nominal voltage of 
25 approximately 4 V, and the balanced ratio for ratio R is approximately 0.6 or 60.0%. 

In the illustrated construction, axis 700 represents time in seconds, axis 705 
represents voltage in volts, and axis 710 represents a ratio or a percentage in volts/volts. 
Line 715a represents the voltage of cell 605a over time, line 715b represents the voltage of 
cell 605b over time, and line 715c represents the voltage of cell 605c over time. Line 71 5d 
30 represents the voltage of cell 605d over time, line 715e represents the voltage of cell 605e 
over time, and line 720 represents the ratio R over time. 

In the illustrated example, an imbalance (represented on the graph by numeral 725) 
occurs approximately at 86 seconds. The imbalance 725 is caused by cell 605e, which is 
included with group 615. At this time (t = 86 s), the ratio 720 begins to decrease or 
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deviate from the balanced ratio of 0.6 (i.e., 60%). Since the ratio 720 is decreasing, it can 
be determined that the imbalanced cell is within group 615. When the ratio R approaches 
55.0% at approximately 91 seconds (indicated in Fig. 28 by the numeral 730), the voltage 
of cell 605e is approximately 1 V. In some constructions, the monitoring microprocessor 
5 detects that the ratio R has fallen to approximately 55.0% and then terminates operation of 
the battery 600 in order to avoid further discharge of cell 605e. 

In some constructions, the monitoring microprocessor monitors the voltage of each 
battery cell instead of using a ratiometric method of monitoring, such as, for example, the 
microprocessor 140. As previously discussed, the battery 50 includes the plurality of 

10 resistors 260 for providing voltage measurements of the battery cells 80. The plurality of 
resistors 260 are arranged such that the microprocessor 140 can measure the voltage of 
each battery cells 80a-g approximately at the same time. In some constructions, the 
microprocessor 140 detects an imbalance within the battery 50 when one or more cells 
80reach approximately 1 V. 

15 In some constructions and in some aspects, the battery 50 or 600 may re-balance 

the cells 80a-g or 605 a-e when an imbalance has been detected. In some constructions, the 
monitoring microprocessor disables the battery 50 or 600 (e.g. interrupts battery operation, 
prevents battery operation, etc.) when the balanced ratio R is no longer included within an 
acceptable range. After the battery 50 or 600 is disabled, the monitoring microprocessor 

20 determines which cell(s) 80a-e or 605a-e is imbalanced (the "low voltage cell"). 

In some construction, the monitoring microprocessor activates or turns on the 
respective transistors, such as, for example, transistors 265a-f, that are electrically 
connected to those cells 80a-g or 605-a-e that are not low in present state of charge (i.e., 
cells having a higher present state of charge than the low voltage cell). The monitoring 

25 microprocessor begins a controlled discharge of the high present state of charge cells 80a- 
g or 605 a-e. For example, the monitoring microprocessor will control the small discharge 
current that will flow from the balanced cells 80a-e or 605a-e through the respective 
transistors. The monitoring microprocessor will continue to make voltage measurements 
of the cells 80a-g or 605a-e throughout the controlled discharging process. The 

30 monitoring microprocessor will end the controlled discharge process when the present 
state of charge of the higher state of charge cells 80a-g or 605a-e is reduced to be 
approximately equal to the previously low voltage cell. 

In some constructions, the monitoring microprocessor uses the controlled discharge 
process to power an indicator, such as, for example, blinking all of the LEDs 1 70a-d on the 
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fuel gauge 155. In this construction, for example, the blinking LEDs 170a-d indicate to an 
operator or user that the battery 50 or 600 is disabled and/or is currently in the process of 
re-balancing the cells 80a-g or 605 a-e. 

A further schematic diagram of the battery 50 is schematically illustrated in Fig. 
5 28. In some constructions, the circuit 130 includes an electrical component such as, for 
example, an identification resistor 750, and the identification resistor 750 can have a set 
resistance. In other constructions, the electrical component may be a capacitor, an 
inductor, a transistor, a semiconducting element, an electrical circuit or another component 
having a resistance or capable of sending an electrical signal such as, for example, a 

10 microprocessor, a digital logic component and the like. In the illustrated construction, the 
resistance value of the identification resistor 750 can be chosen based on characteristics of 
the battery 50, such as the nominal voltage and the chemistry of the battery cells 80. A 
sense terminal 120 can electrically connect to the identification resistor 750. 

The battery 50, shown schematically in Fig. 28, can electrically connect to an 

15 electrical device, such as a battery charger 820 (also shown schematically) to receive or 
transfer power. The battery charger 820 can include a positive terminal 825, a negative 
terminal 828 and a sense terminal 830. Each terminal 820, 828, 830 of the battery charger 
820 can electrically connect to the corresponding terminal 110, 115, 120 (respectively), of 
the battery 50. The battery charger 820 also can include a circuit having electrical 

20 components, such as, for example, a first resistor 835, a second resistor 840, a solid-state 
electronic device or semiconductor 855, a comparator 860 and a processor or 
microcontroller (not shown). In some constructions, the semiconductor 855 can include a 
transistor capable of operating in saturation or an "ON" state and capable of operating in 
cut-off or an "OFF" state. In some constructions, the comparator 860 can be a dedicated 

25 voltage monitoring device, a microprocessor or a processing unit. In other constructions, 
the comparator 860 can be included in the microcontroller (not shown). 

In some constructions, the microcontroller (not shown) can be programmed to 
identify the resistance value of the electrical component in the battery 50, such as the 
identification resistor 750. The microcontroller can also be programmed to determine one 

30 or more characteristics of the battery 50, such as, for example, the battery chemistry and 

the nominal voltage of the battery 50. As previously mentioned, the resistance value of the 
identification resistor 750 may correspond to a dedicated value associated with one or 
more certain battery characteristics. For example, the resistance value of the identification 
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resistor 750 can be included in a range of resistance values corresponding to the chemistry 
and to the nominal voltage of the battery 50. 

In some constructions, the microcontroller can be programmed to recognize a 
plurality of resistance ranges of the identification resistor 750. In these constructions, each 
5 range corresponds to one battery chemistry, such as, for example, NiCd, NiMH, Li-ion, 
and the like. In some constructions, the microcontroller can recognize additional 
resistance ranges, each corresponding to another battery chemistry or another battery 
characteristic. 

In some constructions, the microcontroller can be programmed to recognize a 

10 plurality of voltage ranges. The voltages included in the voltage ranges can be dependent 
on or correspond to the resistance value of the identification resistor 750, such that the 
microcontroller can determine the value of the resistor 750 based on the measured voltage. 

In some constructions, the resistance value of the identification resistor 750 can be 
further chosen to be unique for each possible nominal voltage value of the battery 50. For 

1 5 example, in one range of resistance values, a first dedicated resistance value can 
correspond to a nominal voltage of 21 V, a second dedicated resistance value can 
correspond to a nominal voltage of 16.8 V, and a third dedicated resistance value can 
correspond to a nominal voltage of 12.6 V. In some constructions, there can be more or 
fewer dedicated resistance values, each corresponding to a possible nominal voltage of the 

20 battery 50 associated with the resistance range. 

In an exemplary implementation, the battery 50 electrically connects to the battery 
charger 820. To identify a first battery characteristic, the semiconductor 855 switches to 
the "ON" state under the control of additional circuitry (not shown). When the 
semiconductor 855 is in the "ON" state, the identification resistor 750 and resistors 835 

25 and 840 create a voltage divider network. The network establishes a voltage V A at a first 
reference point 875. If the resistance value of the resistor 840 is significantly lower than 
the resistance value of the resistor 835, then the voltage V A will be dependent upon the 
resistance values of the identification resistor 750 and the resistor 840. In this 
implementation, the voltage V A is in a range determined by the resistance value of the 

30 identification resistor 750. The microcontroller (not shown) measures the voltage V A at 
the first reference point 875 and determines the resistance value of the identification 
resistor 750 based on the voltage V A . In some constructions, the microcontroller compares 
the voltage V A to a plurality of voltage ranges to determine the battery characteristic. 
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In some constructions, the first battery characteristic to be identified can include 
the battery chemistry. For example, any resistance value below 150 k ohms may indicate 
that the battery 50 has a chemistry of NiCd or NiMH, and any resistance value 
approximately 150 k ohms or above may indicate that the battery 50 has a chemistry of Li 
5 or Li-ion. Once the microcontroller determines and identifies the chemistry of the battery 
50, an appropriate charging algorithm or method may be selected. In other constructions, 
there are more resistance ranges which each correspond to another battery chemistry than 
in the above example. 

Continuing with the exemplary implementation, to identify a second battery 

10 characteristic, the semiconductor 855 switches to the "OFF" state under the control of the 
additional circuitry. When the semiconductor 855 switches to the "OFF" state, the 
identification resistor 750 and the resistor 835 create a voltage divider network. The 
voltage V A at the first reference point 875 is now determined by the resistance values of 
the identification resistor 750 and the resistor 835. The resistance value of the 

15 identification resistor 750 is chosen such that, when the voltage Vbatt at a second 

reference point 880 substantially equals the nominal voltage of the battery 50, the voltage 
V A at the first reference point 875 substantially equals a voltage Vref at a third reference 
point 885. If the voltage V A at the first reference point 875 exceeds the fixed voltage Vref 
at the third reference point 885, an output Vout of the comparator 860 changes state. In 

20 some constructions, the output Vout can be used to terminate charging or to serve as an 

indicator to commence additional functions, such as a maintenance routine, an equalization 
routine, a discharging function, additional charging schemes, and the like. In some 
constructions, voltage Vref can be a fixed reference voltage. 

In some constructions, the second battery characteristic to be identified can include 

25 a nominal voltage of the battery 50. For example, a general equation for calculating the 
resistance value for the identification resistor 750 can be: 


wherein Rioo is the resistance value of the identification resistor 750, Ri 35 is the resistance 
value of the resistor 835, Vbatt is the nominal voltage of the battery 50 and Vref is a fixed 
30 voltage, such as, for example, approximately 2.5 V. For example, in the range of 
resistance values for the Li-ion chemistry (set forth above), a resistance value of 
approximately 150 k ohms for the identification resistor 750 can correspond to a nominal 
voltage of approximately 21 V, a resistance value of approximately 194 k ohms can 
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correspond to a nominal voltage of approximately 16.8 V 5 and a resistance value of 
approximately 274.7 k ohms can correspond to a nominal voltage of approximately 12.6 
V. In other constructions, more or fewer dedicated resistance values may correspond to 
additional or different battery pack nominal voltage values. 
5 In the illustrated construction, both the identification resistor 750 and the third 

reference point 885 may be situated on the "high" side of a current sense resistor 890. 
Positioning the identification resistor 750 and the third reference point 885 in this manner 
can reduce any relative voltage fluctuations between V A and Vref when a charging current 
is present. Voltage fluctuations may appear in voltage V A if the identification resistor 750 

10 and the third reference point 885 were referenced to ground 895 and a charging current 
was applied to the battery 50. 

In some constructions, the battery charger 820 can also include a charger control 
function. As previously discussed, when the voltage V A substantially equals the voltage 
Vref (indicative of voltage V B att equaling the nominal voltage of battery 50), the output 

15 Vout of the comparator 860 changes state. In some constructions, the charging current is 
no longer supplied to the battery 50 when the output Vout of the comparator 860 changes 
state. Once the charging current is interrupted, the battery voltage Vbatt begins to 
decrease. When voltage V B att reaches a low threshold, the output Vout of the comparator 
860 changes state again. In some constructions, the low threshold of voltage V B att is 

20 determined by a resistance value of a hysteresis resistor 898. The charging current is 
reestablished once the output Vout of the comparator 860 changes state again. In some 
constructions, this cycle repeats for a predefined amount of time as determined by the 
microcontroller or repeats for a certain amount of state changes made by the comparator 
860. In some constructions, this cycle repeats until the battery 50 is removed from the 

25 battery charger 820. 

In some constructions and in some aspects, the circuit 130 of the battery 50 can 
also indicate one or more battery characteristics. In some constructions, the battery 
characteristics include, for example, a nominal voltage and a temperature of the battery 50. 
The circuit 130 includes an electrical identification component or identification resistor 

30 910, a temperature-sensing device or thermistor 914, a first current-limiting device or 
protection diode 918, a second current-limiting device or protection diode 922 and a 
capacitor 926. The identification resistor 910 has a set resistance value which corresponds 
to one or more certain battery characteristics. In some constructions, the resistance value 
of the identification resistor 910 corresponds with the nominal voltage of the battery 50 or 
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the battery cell 80. In some constructions, the resistance value corresponds with the 
chemistry of the battery 50. In some constructions, the resistance value corresponds with 
two or more battery characteristics or corresponds with different battery characteristic(s). 
The resistance value of the thermistor 914 is indicative of the temperature of the battery 
5 cell 80 and changes as the temperature of the battery cell 80 changes. A sense terminal 
930 electrically connects to the circuit 130. 

The battery 50, shown schematically in Fig. 29, electrically connects to an 
electrical device, such as a battery charger 942 (also shown schematically). The battery 
charger 942 includes a positive terminal 946, a negative terminal 950 and a sense terminal 

10 954. In a manner similar to the battery 50 and battery charger 820 illustrated in Fig. 28, 
the positive terminal 934, the negative terminal 938 and the sense terminal 930 of the 
battery 50 electrically connect to the positive terminal 946, the negative terminal 950 and 
the sense terminal 954, respectively, of the battery charger 942. The battery charger 942 
also includes control circuitry, such as a control device, processor, microcontroller or 

15 controller 958 and an electrical component or resistor 962. 

The operation of the battery 50 and battery charger 942 will be discussed with 
reference to Figs. 29 and 30A-B. In some constructions, when the battery 50 electrically 
connects to the battery charger 942 and the capacitor 926 is initially discharged, the 
controller 958 increases a voltage V A at a first reference point 964 to approximately a first 

20 threshold. In some constructions, the first threshold is approximately 5 V. As shown in 
Fig. 30A, the controller 958 increases the voltage V A to the first threshold at 
approximately a time Ti. 

When the first threshold is applied to the first reference point 964, a first current 
path is established within the battery 50 and battery charger 942. The first current path 

25 includes the resistor 962, the capacitor 926, the first diode 918 and the identification 
resistor 910. Once the voltage V A is raised to approximately the first threshold, the 
controller 958 measures the voltage Vout at a second reference point 966. The voltage 
Vout at the second reference point 966 quickly rises to a voltage determined by a voltage 
divider network comprised of the identification resistor 910, the resistor 962 and the 

30 forward voltage drop across the diode 918. In some constructions, voltage Vout will range 
from approximately 0 V to slightly less than voltage V A . As shown in Fig. 30B, a rise in 
the voltage Vout occurs approximately at a time T 2 , and the controller 958 measures the 
voltage Vout at approximately the time T 2 or slightly after time T 2 . In some constructions, 
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time T 2 is approximately equal to time T\. In some constructions, time T 2 occurs almost 
immediately after time T\. Time T 2 may be later based on tolerances in measurement. 

In one construction, the voltage Vout measured by the controller 958 corresponds 
to a resistance value for the identification resistor 910. That resistance value corresponds 
5 to the nominal voltage of the battery 50. In some constructions, as the resistance value of 
the identification resistor 910 decreases, the voltage Vout also decreases. 

In the illustrated construction, the voltage Vout eventually rises to approximately 
the voltage V A once the capacitor 926 becomes fully charged. After the capacitor 926 is 
fully charged, the controller 958 decreases the voltage V A at the first reference point 964 to 

10 a second threshold. In some constructions, the second threshold is approximately 0 V. As 
shown in Fig. 30A, the controller 958 decreased the voltage V A to the second threshold at 
approximately a time T 3 . 

When the second threshold is applied to the first reference point 964, a second 
current path is established within the battery 50 and battery charger 942. The second 

15 current path includes the resistor 962, the capacitor 926, the second diode 922 and the 

thermistor 914. Once the voltage V A is lowered to approximately the second threshold, the 
controller 958 measures the voltage Vout again at the second reference point 966. The 
voltage Vout at the second reference point 966 quickly decreases to a voltage determined 
by a voltage divider network comprised of the thermistor 914, the resistor 962 and the 

20 forward voltage drop across diode 922. In some constructions, Vout will range from 

approximately 0 V to slightly less than voltage V A . As shown in Fig. 3 0B, a decrease in 
the voltage Vout occurs approximately at a time T 4 , and the controller 958 measures the 
voltage Vout at approximately the time T 4 or slightly after time T 4 . In some constructions, 
time T 4 is approximately equal to time T 3 . In some constructions, time T 4 occurs almost 

25 immediately after time T 3 . Time T 4 may be later based on tolerances in measurement. 

In one construction, the voltage Vout measured by the controller 958 at time T 4 
corresponds to a resistance value for the thermistor 914. That resistance value corresponds 
to the temperature of the battery 50. In some constructions, as the resistance value of the 
thermistor 914 decreases, the voltage Vout increases. 

30 In some constructions, the capacitor 926 provides a DC blocking function. The 

capacitor 926 prevents existing battery chargers (e.g., battery chargers which do not 
recognize newer power tool battery chemistries, such as, for example, the Li or Li-ion 
chemistries, and which do not have the required corresponding charging algorithms for 
such newer chemistries) from being able to charge a battery pack having the circuit 130. 
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An existing power tool battery 968 is schematically illustrated in Fig. 31, and a 
further construction of a battery 970 is schematically illustrated in Fig. 32. Referring to 
Figs. 31-34, another battery charging system includes both batteries 968 and 970, an 
existing battery charger 972 (shown in Fig. 33) and a battery charger 974 (shown in Fig. 
5 34) embodying aspects of the invention. 

Referring to Fig. 31, the existing battery 968 includes one or more battery cells 976 
each having a chemistry and providing a nominal voltage. Typically, the chemistry of the 
battery cell 976 is lead-acid, NiCd or NiMH. The battery cell 976 includes a positive end 
978 and a negative end 980. A positive terminal 982 electrically connects to the positive 

10 end 978 of the cell 976, and a negative terminal 984 electrically connects to the negative 
end 980 of the cell 976. 

The battery 968 also includes an electrical component or thermistor 986. The 
resistance value of the thermistor 986 is indicative of the temperature of the battery cell 
976 and changes as the temperature of the battery cell 976 changes. In some 

15 constructions, the resistance value of the thermistor 986 is included in a first range of 
resistance values. The existing battery charger 972 is capable of identifying a resistance 
value of the thermistor 986 within this first range and charge the existing battery 968 
accordingly. For example, this first range of resistance values includes the resistance 
values approximately equal to and less than 130 k ohms. If the resistance value of the 

20 thermistor 986 is not included in the first range of resistance values, the existing battery 
charger 972 cannot charge the existing battery 968. The existing battery 968 also includes 
a sense terminal 988 electrically connected to the thermistor 986. 

As shown in Fig. 32, the battery 970 includes one or more battery cells 990 each 
having a chemistry and providing a nominal voltage of the battery 970. Typically, the 

25 chemistry of the battery cell 990 includes, for example, Li, Li-ion or another Li-based 
chemistry. The battery cell 990 includes a positive end 992 and a negative end 993. A 
positive terminal 994 electrically connects to the positive end 992 of the cell 990, and a 
negative terminal 995 electrically connects to the negative end 993 of the cell 990. 

The battery 970 also includes two sense terminals 996 and 997. The first sense 

30 terminal 996 electrically connects to a first electrical component or an identification 

resistor 998, and the second sense terminal 997 electrically connects to a second electrical 
component or a temperature-sensing device or thermistor 999. In some constructions, the 
resistance value of the identification resistor 998 is not included in the first range of 
resistance values that can be identified by the existing battery charger 972. For example, 
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the resistance value of the identification resistor 998 is approximately equal to or greater 
than 150 k ohms. The resistance value of the thermistor 986 is indicative of the 
temperature of the battery cell 990 and changes as the temperature of the battery cell 990 
changes. 

5 As shown in Fig. 34 and in most constructions, the battery charger 974 includes a 

positive terminal 1001, a negative terminal 1002, a first sense terminal 1003 and a second 
sense terminal 1004. The first sense terminal 1003 of the battery charger 974 electrically 
connects to either the first sense terminal 996 of battery 970 or to the sense terminal 988 of 
the existing battery 968. 
10 As shown in Fig. 33 and in some constructions, the existing battery charger 972 

includes a positive terminal 1005, a negative terminal 1006 and a sense terminal 1007. 
The sense terminal 1007 of the existing battery charger 972 electrically connects to either 
the first sense terminal 996 of the battery 970 or to the sense terminal 988 of the existing 
battery 968. 

15 When the existing battery 968 electrically connects to the battery charger 974, the 

second sense terminal 1004 of the battery charger 974 is not electrically connected to any 
battery terminal. In some constructions, a control device, microprocessor, microcontroller 
or controller 1008 included in the new battery charger 974 determines the resistance value 
of the thermistor 986 through the first sense terminal 1003 and identifies the battery 968 as 

20 having a NiCd or NiMH chemistry. The controller 1008 selects an appropriate charging 
method or algorithm for the existing battery 968 based on the chemistry and the 
temperature of the battery 968. The battery charger 974 charges the existing battery 968 
accordingly. 

When the battery 970 electrically connects to the battery charger 974, the second 
25 sense terminal 1004 of the battery charger 974 electrically connects to the second sense 

terminal 997 of the battery 970. In some constructions, the controller 1008 determines the 
resistance value of the identification resistor 998 and identifies the battery 970 as having, 
for example, a Li, Li-ion or another Li-based chemistry. For example, a resistance value 
of approximately 150 k ohms or greater for the identification resistor 998 corresponds to 
30 Li, Li-ion or another Li-based chemistry. 

In some constructions, the resistance value of the identification resistor 998 is 
further chosen based on the nominal voltage of the battery 970. For example, a resistance 
value of approximately 150 k ohms for the identification resistor 998 indicates that the 
battery 970 has a nominal voltage of approximately 21 V. A resistance value of 
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approximately 300 k ohms corresponds to a nominal voltage of approximately 16.8 V, and 
a resistance value of approximately 450 k ohms corresponds to a nominal voltage of 
approximately 12.6 V. In some constructions, as the resistance value of the identification 
resistor 998 increases, the nominal voltage of the battery 970 decreases. In some 
5 constructions, the controller 1008 also determines the resistance value of the thermistor 
385. The controller 1008 selects an appropriate charging method or algorithm for the 
battery 970 based on its chemistry, nominal voltage and/or temperature. The battery 
charger 974 charges the battery 970 accordingly. 

When the existing battery 968 is electrically connected to the existing battery 

10 charger 972, the sense terminal 1007 of the battery charger 972 electrically connects to the 
sense terminal 988 of the existing battery 968. In some constructions, the microcontroller 
1009 included in the existing battery charger 972 determines the resistance value of the 
thermistor 986 and identifies the battery 968 as having a NiCd or NiMH chemistry, if the 
resistance value of the thermistor 986 is included in the first range of resistance values. 

15 The existing battery charger 972 determines the temperature of the existing battery 968 
based on the resistance value of the thermistor 986 and selects an appropriate charging 
method or algorithm for the battery 968 based on its temperature. The existing battery 
charger 972 charges the existing battery 968 accordingly. 

When the battery 970 is electrically connected to the existing battery charger 972, 

20 the sense terminal 1007 of the existing battery charger 972 electrically connects to the first 
sense terminal 996 of the battery 970. The second sense terminal 997 of the battery 970 is 
not electrically connected to any battery charger terminal of the existing battery charger 
972. In some constructions, the microcontroller 1009 determines the resistance value of 
the identification resistor 998. In some constructions, the resistance value of the 

25 identification resistor 998 is not included in the first range of resistance values that are 
recognized by the microcontroller 1009. Since the microcontroller 1009 cannot identify 
the battery 970, the existing battery charger 972 does not implement a charging method or 
algorithm. The battery 970 is electronically prevented or "locked-out" from being charged 
by the existing battery charger 972. 

30 Another battery 1030 embodying aspects of the invention is illustrated in Figs. 35- 

37, 40-41, 48A, 49-52. The battery 1030 can be similar to the battery 50 illustrated in 
Figs. 1-5. For example, the battery 1030 can be connectable to an electrical device or 
equipment, such as, for example, a cordless power tool 1034 (shown in Fig. 48 A) to 
selectively power the power tool 1034. The battery 1030 can be removable from the 


-41- 

power tool 1034 and can be rechargeable by a battery charger 1038 (shown in Figs. 40- 
44). 

As shown in Figs. 35-37, the battery 1030 can include a housing 1042 and at least 
one rechargeable battery cell 1046 (schematically illustrated in Fig. 41) supported by the 
5 housing 1042. In the illustrated construction, the battery 1030 can be a 18 V battery pack 
including five approximately 3.6 V battery cells 1046 (one shown) connected in series or 
can be a 21 V battery pack including five approximately 4.2V battery cells 1046 (one 
shown) connected in series. In other constructions (not shown), the battery 1030 may have 
another nominal battery voltage, such as, for example, 9.6 V, 12 V, 14.4 V, 24 V, 28 V, 

10 and the like, to power the electrical equipment and be charged by the battery charger 1038. 
It should be understood that, in other constructions (not shown), the battery cells 1046 can 
have a different nominal cell voltage and/or may be connected in another configuration, 
such as, for example, in parallel or in a parallel/series combination. 

The battery cell 1046 can be any rechargeable battery cell chemistry type, such as, 

1 5 for example, nickel cadmium (NiCd), nickel-metal hydride (NiMH), Lithium (Li), 
Lithium-ion (Li-ion), other Lithium-based chemistry, other rechargeable battery cell 
chemistry, etc. In the illustrated construction, the battery cells 1046 are Li-ion battery 
cells. 

The housing 1042 can provide a support portion 1050 for supporting the battery 
20 1030 on an electrical device, such as the power tool 1034 or the battery charger 1038. In 
the illustrated construction, the support portion 1050 can provide a C-shaped cross section 
(see Fig. 37) which is connectable to a complementary T-shaped shaped cross section 
support portion on the electrical device. As shown in Figs. 35-37, the support portion 
1050 can include rails 1054 extending along a support axis 1058 and defining grooves 
25 1062. An intermediate ridge 1066 can also be provided to engage with a surface of the 
electrical device support portion. Recesses 1070 (see Figs. 35-36) can be defined in the 
ridge 1066 so that the ridge 1066 has laterally-outwardly extended portions 1072. 

The battery 1030 can also include (see Figs. 35-37) a locking assembly 1074 
operable to lock the battery 1030 to an electrical device, such as, for example, to the power 
30 tool 1034 and/or to a battery charger 1038. In some constructions, the locking assembly 
1034 can include locking members 1078 which are movable between a locked position, in 
which the locking members 1078 engage a corresponding locking member on the 
electrical device to lock the battery 1030 to the electrical device, and an unlocked position. 
The locking assembly 1074 can also include actuators 1082 for moving the locking 
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members 1078 between the locked position and the unlocked position. Biasing members 
(not shown) can bias the locking members 1078 toward the locked position. 

The battery 1030 can also include (see Figs. 35-39 and 41) a terminal assembly 
1086 operable to electrically connect the battery cells 1046 to a circuit in the electrical 
5 device. The terminal assembly 1086 can include (see Figs. 35-37) a terminal housing 

1090 provided by the housing 1042. In the illustrated construction and in some aspects, a 
window or opening 1094 can be provided in the terminal housing 1090. The terminal 
assembly 1086 can include (see Figs. 35, 37-39 and 41) a positive battery terminal 1098, a 
ground terminal 1 102, a first sense terminal 1 106 and a second sense terminal 1110. As 

10 schematically illustrated in Fig. 41, the terminals 1098 and 1 102 are connected to the 
opposite ends of the cell or series of cells 1046. 

The sense terminals 1 106 and 1110 can be connected to electrical components 
1114 and 1118, respectively, which are connected in the circuit of the battery 1030. The 
sense terminals 1 106 and 1110 can communicate information regarding the battery 1030 to 

15 an electrical device. For example, one electrical component, such as the electrical 
component 1114, connected to the sense terminal 1 106 may be an identification 
component, such as a resistor, to communicate the identification of a characteristic of the 
battery 1030, such as, for example, the chemistry of the battery cells 1046, the nominal 
voltage of the battery 1030, etc. The other electrical component, such as the electrical 

20 component 1118, connected to the sense terminal 1110 may be a temperature-sensing 
device or thermistor to communicate the temperature of the battery 1030 and/or of the 
battery cell(s) 1046. 

In other constructions, the electrical components 1 1 14 and 1118 can be other 
suitable electrical components capable of generating an electrical signal such as, for 

25 example, a microprocessor, a controller, digital logic components, and the like, or the 
components 1114 and 1118 can be other suitable passive electrical components such as, 
for example, resistors, capacitors, inductors, diodes, and the like. 

It should be understood that, in other constructions (not shown), the electrical 
components 1114 and 1118 may be other types of electrical components and may 

30 communicate other characteristics or information about the battery 1030 and/or of the 
battery cell(s) 1046. It should also be understood that "communication" and 
"communicate", as used with respect to the electrical components 1114 and 1118, may 
also encompass the electrical component(s) 1114 and/or 1118 having or being in a 
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condition or state which is sensed by a sensor or device capable of determining the 
condition or state of the electrical component(s) 1114 and/or 1118. 

As shown in Fig. 39, the terminals 1098, 1 102 and 1 106 can be oriented in planes 
Pi, P 2 and P3, respectively, which are substantially parallel to one another. The terminal 
5 1110 can be oriented in a plane P 4 which is oriented to be non-parallel to at least one of, 
and, in the illustrated construction, to all of the other planes Pi, P2 and P 3 . In one 
construction, the plane P 4 can be normal to the planes Pi, P2 and P3. The terminals 1098, 
1 102, 1 106 and 1110 can extend along respective axes Ai, A 2 , A 3 and A4, and, in the 
illustrated construction, the terminal axes Ai, A 2 , A 3 and A4 are parallel to (see Figs. 35 
10 and 37) the support axis 1058. 

As shown in Figs. 40-44, the battery charger 1038 embodying aspects of the 
invention can be connectable to the battery 1030 (as shown in Fig. 40) and can be operable 
to charge the battery 1030. The battery charger 1038 can include a charger housing 1 122 
and a charging circuit 1 126 (schematically illustrated in Fig. 41) supported by the housing 
15 1 122 and connectable to a power source (not shown). The charging circuit 1 126 can be 

connectable to the terminal assembly 1086 of the battery 1030 (schematically illustrated in 
Fig. 41) and can be operable to transfer power to the battery 1030 to charge the battery 
cell(s) 1046. 

In some constructions and in some aspects, the charging circuit 1 126 can operate to 
20 charge the battery 1030 in a manner similar to that described in U.S. Patent No. 6,456,035, 
issued September 24, 2002, and U.S. Patent No. 6,222,343, issued April 24, 2001, which 
are hereby incorporated by reference. In other constructions, the charging circuit 1 126 can 
operate to charge the battery 1030 in a manner similar to that described in prior filed U.S. 
provisional application Serial No. 60/440,692 filed January 17, 2003, the entire contents of 
25 which are hereby incorporated by reference. 

As shown in Figs. 42-44, the housing 1 122 can provide a battery support portion 
1 130 for supporting the battery 1030. The support portion 1 130 can have (see Fig. 42) a 
generally T-shaped cross section which can be complementary to the C-shaped cross 
section of the support portion 1050 of the battery 1030. The support portion 1 130 can 
30 include (see Figs. 42-44) rails 1 134 which extend along a support axis 1 138 and which 
define grooves 1 142. The support portion 1 130 can also include a surface 1 146 which is 
engageable with the ridge 1066. 

Projections or ribs 1150 can extend from the surface 1 146. When the battery 1030 
is positioned on the support portion 1 130, the ribs 1 150 can be generally laterally aligned 
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with the locking members 1078 to maintain the locking members 1078 in the locking 
position. In one constructions, the ribs 1 150 are lowered to ensure that the ribs 1 150 do 
not engage with the ridge 1066 on the support portion 1050 of the battery 1030, which 
would prevent the battery 1030 from being connected to the battery charger 1038. 
5 The battery charger 1038 can also include (see Figs. 41-47) a terminal assembly 

1 154 operable to electrically connect the charging circuit 1 126 to the terminal assembly 
1086 of the battery 1030 (as schematically illustrated in Fig. 41). As shown in Figs. 42-44 
and 46-47, the terminal assembly 1 154 can include a terminal housing 1 158 provided by 
the support portion 1 130. The terminal assembly 1 154 also can include (see Figs. 41-47) a 

10 positive terminal 1 162, a negative terminal 1 166, a first sense terminal 1 170 and a second 
sense terminal 1 174. The charger terminals 1 162, 1 166, 1 170 and 1 174 can be 
connectable to the battery terminals 1098, 1 102, 1 106 and 1110, respectively (as 
schematically illustrated in Fig. 41). 

The charger terminals 1 162, 1 166, 1 170 and 1 174 can be connected to the charging 

15 circuit 1 126. The charging circuit 1 126 can include a microcontroller 1 178 for controlling 
charging of the battery 1030. The controller 1 178 is operable to communicate with or 
sense the condition or state of the electrical components 1114 and 1 1 18 of the battery 1030 
to identify one or more characteristics and/or conditions of the battery 1030, such as, for 
example, the nominal voltage of the battery 1030, the chemistry of the battery cell(s) 1046, 

20 the temperature of the battery 1030 and/or of the battery cell(s) 1046, etc. Based upon 
determinations made by the controller 1 178, the controller 1 178 can control the charging 
circuit 1 126 to properly charge the battery 1030. 

As shown in Figs. 35, 37-39, the battery terminals 1098, 1 102 and 1 106 can be 
male blade terminals. As shown in Fig. 42, the charger terminals 1 162, 1 166 and 1 170 can 

25 be female terminals operable to receive the male blade terminals 1098, 1 102 and 1 106. 
The battery terminal 1110 (see Figs. 35-39) and the charger terminal 1 174 (see Figs. 42- 
44) can provide a cantilever spring-type engagement. In the illustrated construction (see 
Figs. 42-44), the charger terminal 1 174 can extend generally perpendicularly to the 
support axis 1 138 to provide a sliding engagement and contact with the battery terminal 

30 1110. 

The battery 1030 can be connectable to electrical equipment, such as, for example, 
the power tool 1034 (shown in Fig. 48 A), to power the tool 1034. The power tool 1034 
includes a housing 1 182 supporting an electric motor 1 184 (schematically illustrated) 
selectively powered by the battery 1030. The housing 1 182 can provide (see Fig. 48B) a 
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support portion 1 186 on which the battery 1030 can be supported. The support portion 
1 186 can have a generally T-shaped cross section which can be complementary to the C- 
shaped cross section of the support portion 1050 of the battery 1030. The support portion 
1 186 also can define locking recesses 1 188 (one shown) in which the locking members 
5 1078 are engageable to lock the battery 1030 to the power tool 1034. 

The power tool 1034 can also include a terminal assembly 1 190 (partially shown in 
Fig. 48B) connectable to the terminal assembly 1086 of the battery 1030 so that power is 
transferable from the battery 1030 to the power tool 1034. In the illustrated construction, 
the terminal assembly 1 190 can include a positive terminal 1 194 and a negative terminal 
10 1 198 which are connected to the terminals 1098 and 1 102, respectively, of the battery 
1030. 

It should be understood that, in other constructions (not shown), the terminal 
assembly 1 190 may include additional terminals (not shown) which are connectable to the 
sense terminals 1 106 and/or 1 1 10 so that information regarding the battery 1030, such as, 

15 for example, one or more characteristics of the battery 1030 and/or conditions of the 
battery 1030, may be communicated to or sensed by the power tool 1034. In such 
constructions, the power tool 1034 may include a controller (not shown) to determine the 
communicated or sensed information regarding the battery 1030 and to control operation 
of the power tool 1034 based on this information. 

20 An alternative construction of a battery 1030A embodying aspects of the invention 

is illustrated in Figs. 53-56. Common elements are identified by the same reference 
number "A". 

As shown in Figs. 53-56, the battery 1030A can include a housing 1042A 
supporting one or more cells (not shown but similar to the cells 1046). The battery 1030A 
25 can include a support portion 1050A which has (see Fig. 56) a generally C-shaped cross 
section which can be complementary to (see Fig. 42) the support portion 1 130 of the 
battery charger 1038 and to (see Fig. 48B) the support portion 1 186 of the power tool 1034 
so that the battery 1030A is connectable to the battery charger 1038 and the power tool 
1034. 

30 As shown in Figs. 53-56, the support portion 1050A can include the ridge 1066A. 

As shown in Fig. 55, the ridge 1066 A can extend farther to one lateral side (the lower 
lateral side in Fig. 55) to provide a laterally-outwardly extended portion 1072A. 

For some constructions and for some aspects, additional independent features, 
structure and operation of the battery 1030A are described in more detail above. 
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When the battery 1030A is positioned on the support portion 1 130 of the battery 
charger 1038, the lowered ribs 1 150 (shown in Fig. 42) do not engage with (see Fig. 55) 
the extended portion 1072 A of the ridge 1066A on the support portion 1050A of the 
battery 1030A so that the battery 1030A is not prevented from being connected to the 
5 battery charger 1038. 

Figs. 57-61 illustrate a prior art battery 1230. The battery 1230 can include a 
housing 1242 and at least one rechargeable battery cell 1246 (schematically illustrated in 
Fig. 61) supported by the housing 1242. In the illustrated construction, the battery 1230 is 
an 18V battery pack including 15 approximately 1.2 V battery cells 1246 connected in 

10 series. In other constructions (not shown), the battery 1230 may have another nominal 
voltage, such as, for example, 9.6V, 12V, 14.4V, 24V, etc., to power the electrical 
equipment and be charged by the battery charger 1038. It should be understood that, in 
other constructions (not shown), the battery cells 1246 may have a different nominal cell 
voltage and/or may be connected in another configuration, such as, for example, in parallel 

15 or in a parallel series combination. The battery cells 1246 may be a rechargeable battery 
cell chemistry type, such as, for example, NiCd or NiMH. 

As shown in Figs. 57-60, the housing 1242 can provide a support portion 1250 for 
supporting the battery 1230 on an electrical device, such as the power tool 1034 (shown in 
Fig. 48) or the battery charger 1038 (shown in Fig. 42). In the illustrated construction, the 

20 support portion 1250 can provide (see Fig. 60) a C-shaped cross section which is 

connectable to a complementary T-shaped cross section support portion on the electrical 
device (the support portion 1 186 on the power tool 1034 (shown in Fig. 48B) and/or the 
battery support portion 1 130 on the battery charger 1038 (shown in Fig. 42)). As shown in 
Figs. 57-60, the support portion 1250 can include rails 1254 extending along a support axis 

25 1258 and defining grooves 1262, an intermediate ridge 1266 can be provided to engage 
with a surface of the electrical device support portion. The ridge 1266 can have 
substantially linear and uninterrupted lateral surfaces 1272. The ridge 1266 does not 
provide laterally-outwardly extended portions (like the extended portions 1072 of the 
battery 1030 (shown in Fig. 36) or the extended portion 1072 A of the battery 1030A 

30 (shown in Fig. 55)). 

The battery 1230 also can include (see Figs. 57-60) a locking assembly 1274 
operable to lock the battery 1230 to an electrical device, such as, for example, to the power 
tool 1034 (shown in Fig. 48A) and/or to a battery charger. The locking assembly 1274 can 
include (see Figs. 57-60) locking members 1278 which are moveable between a locked 
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position, in which the locking members 1278 can engage a corresponding locking member 
on the electrical device (such as the locking recess 1 188 on the power tool 1034) to lock 
the battery 1230 to the electrical device, in an unlocked position. The locking assembly 
1274 can also include actuators 1282 for moving the locking members 1278 between the 
5 locked position and the unlocked position. Biasing members (not shown) can bias the 
locking members 1278 toward the locked position. 

The battery 1230 can include (see Figs. 58 and 60) a terminal assembly 1286 
operable to electrically connect battery cells 1246 to a circuit in the electrical device. The 
terminal assembly 1286 includes a terminal housing 1290 provided by the housing 1242. 

10 The terminal assembly 1286 can include a positive battery terminal 1298, a ground 
terminal 1302, and a sense terminal 1306. As shown in Figs. 58 and 60, the terminals 
1298, 1302 and 1306 can be oriented in planes which are substantially parallel to one 
another and can extend along respective axes which are parallel to the support axis 1258. 
As schematically illustrated in Fig. 61, the terminals 1298 and 1302 can be 

15 connected to the opposite ends of the cell or series of cells 1246. The sense terminal 1306 
can be connected to an electrical component 1314 which is connected in the circuit of the 
battery 1230. In the illustrated construction, the electrical component 1314 can be a 
temperature-sensing device or thermistor to communicate the temperature of the battery 
1230 and/or of the battery cells 1246. 

20 As schematically illustrated in Fig. 61, the battery 1230 can be connectable to the 

battery charger 1038, and the battery charger 1038 can be operable to charge the battery 
1230. The battery terminals 1298, 1302 and 1306 can be connectable to three of the 
charger terminals 1 162, 1 166 and 1 170, respectively. The microcontroller 1 178 can 
identify the battery 1230 (or determines that the battery 1230 is not a battery 1030 or a 

25 battery 1030A) and identify the condition of the electrical component 1314 or thermistor 
to sense the temperature of the battery 1230. The microcontroller 1 178 can control 
charging of the battery 1230. 

The battery 1230 can be supported on the support portion 1 130 of the battery 
charger 1038. The ribs 1 150 (shown in Fig. 42) may not engage the ridge 1266 on the 

30 support portion 1250 of the battery 1230 (shown in Figs. 57-60) so that the battery 1230 is 
not prevented from being connected to the battery charger 1038. 

The battery 1230 can be connectable to electrical equipment, such as, for example, 
the power tool 1034 (shown in Fig. 48A), to power the power tool 1034. The battery 1230 
can be supported on the support portion 1 186 of the power tool 1034 (shown in Fig. 48B) 
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and can be connectable to the motor 1 184 (schematically illustrated in Fig. 48 A) to power 
the motor 1184. 

Figs. 62-65 illustrate another battery charger 1338. The battery charger 1338 can 
include a charger housing 1342 and a charging circuit 1346 (schematically illustrated in 
5 Fig. 65) supported by the housing 1342 and connectable to a power source (not shown). 
The charging circuit 1346 can be connectable to the terminal assembly 1286 of the battery 
1230 and can be operable to transfer power to the battery 1230 to charge the battery cells 
1246. 

As shown in Figs. 62-64, the housing 1342 can provide a battery support portion 

10 1350 for supporting the battery 1230. The support portion 1350 can have (see Fig. 62) a 
generally T-shaped cross section which may be complementary to the C-shaped cross 
section of the support portion 1250 of the battery 1230 (shown in Fig. 60). The support 
portion 1350 can include (see Figs. 62-64) rails 1354 which extend along a support axis 
1358 and which define grooves 1362. The support portion 1350 can include a surface 

15 1366 which can be engageable with the ridge 1266. 

Projections or ribs 1370 can extend from the surface 1366. The ribs 1370 can 
extend farther from the surface 1366 than (see Figs. 43-44) the ribs 1 150 extend from the 
surface 1 146 of the battery charger 1038. When the battery 1230 is supported on the 
support portion 1350, the ribs 1370 can slide along (see Fig. 59) the lateral edges of the 

20 ridge 1266 so that the battery 1230 is connectable to the battery charger 1338. The ridge 
1266 of the battery 1230 may be more narrow in a lateral direction than (see Fig. 36) the 
ridge 1066 of the battery 1030 and may not include the extended portions 1072. 

As shown in Figs. 62-65, the battery charger 1338 can include a terminal assembly 
1374 operable to electrically connect the charging circuit 1346 to the terminal assembly 

25 1286 of the battery 1230. The terminal assembly 1374 can include (see Figs. 62-64) a 

terminal housing 1378 provided by the support portion 1350. The terminal assembly 1374 
also can include a positive terminal 1382, a negative terminal 1386 and a sense terminal 
1390. As schematically illustrated in Fig. 65, the charger terminals, 1382, 1386 and 1390 
can be connectable to the battery terminals 1298, 1302 and 1306, respectively. 

30 The charging circuit 1346 can include a microcontroller 1394 for controlling 

charging of the battery 1230. The controller 1394 can determine the temperature of the 
battery 1230 by sensing the condition of the electrical component 1314 or thermistor. 
Based upon the determinations made by the controller 1394, the controller 1394 can 
control the charging circuit 1346 to properly charge the battery 1230. 
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In an exemplary implementation, if a user attempts to connect the battery 1030 to 
the battery charger 1338, a portion of the battery charger 1338, such as the upwardly- 
extended ribs 1370 (shown in Fig. 62), may prevent the battery 1030 from being connected 
to the battery charger 1338. As the battery 1030 is positioned on the support portion 1350, 
5 the ribs 1370 engage the laterally-wider extended portions 1072 of the ridge 1066 of the 
support portion 1050 of the battery 1030 (shown in Fig. 36) to prevent the battery 1030 
from being fully connected to the battery charger 1338. The ribs 1370 are positioned on 
the support portion 1350 so that the terminal assembly 1086 of the battery 1030 is not 
connectable to the terminal assembly 1374 of the charger 1338. 

10 In some aspects, the invention provides a battery, such as the battery 1030 or 

1030A, and/or a battery charger, such as the battery charger 1038, having additional 
communication or sense path(s). In some aspects, the invention provides a charger, such 
as the charger 1038, which is capable of charging battery packs having additional 
communication or sense path(s), such as the battery 1030 or 1030A, and batteries not 

15 having the additional communication or sense path(s), such as the battery 1230. In some 
aspects, the invention provides a "mechanical lockout" to prevent a battery, such as the 
battery 1030 or 1030A, from being connected to a charger, such as an existing charger 
1338, while the battery, such as the battery 1030 or 1030A, may be used with a 
corresponding existing electrical device, such as the power tool 1034. 

20 The constructions described above and illustrated in the figures are presented by 

way of example only and are not intended as a limitation upon the concepts and principles 
of the present invention. As such, it will be appreciated by one having ordinary skill in the 
art that various changes in the elements and their configuration and arrangement are 
possible without departing from the spirit and scope of the present invention as set forth in 

25 the appended claims. 


